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REMARKS 

I. Explanation of Amendments to the Specification 

The amendments at pages 7, 14 and 16 correct obvious typographical errors. 
The paragraph beginning on page 7 was amended to correct the erroneous reference to the 
"peptides of SEQ ID NO: 3." As Figure 2 and the sequence listing demonstrate, SEQ ID NO: 
3 is a nucleic acid sequence. In the foregoing amendment, the reference to peptides at page 8, 
lines 16 and 18, now refers to the "peptides of SEQ ID NO: 4" (SEQ ID NO: 4 is encoded by 
SEQ ID NO: 3). In addition, the amendment omits references to claims 14, 15 and 16 at page 
14. The reference of "Swiss Mutation" at page 16 was a typographical error as evidenced by 
the references to "Swedish mutation" throughout the specification, for example at page 13, 
line 6-7, page 22, lines 15-17, page 41, lines 4-5 and page 74, line 7. These amendments do 
not add new matter to the specification. 

In addition, the specification at page 32 describes tyrosine as a hydroxyl 
residue similar to serine. The correct statement should refer to threonine as a hydroxyl 
residue and this misstatement is corrected by the foregoing amendment. This was an obvious 
typographical error as tyrosine is described in the specification, at page 32, line 33 through 
page 33, line 1, as an aromatic residue. This amendment does not add new matter to the 
specification. 

II. The Rejection Under 35 U.S.C. § 1 02(e) Should be Withdrawn 

The Examiner rejected claims 1, 3 and 4 under 35 U.S.C. § 102(e), alleging 
that the claims are anticipated by U.S. Patent No. 6,319,689 (denoted herein as Powell et al.) 9 
as evidenced by Vassar et al. (Adv. Drug Delivery Rev. 54(12): 1589-1602, 2002). The 
Examiner alleged that Powell et al. discloses a polynucleotide that is 98.2% identical to SEQ 
ID NO: 3 and the polynucleotide sequence of Powell et al. encodes an aspartyl protease 
polypeptide that is 99.8% identical to SEQ ID NO: 4. The Examiner also alleged that Powell 
et al. teaches fragments of the polypeptides that retain aspartyl protease activity and variants 
with conservative substitutions that also retain aspartyl protease activity. In addition, the 
Examiner stated that Powell et ah discloses the complement of the polynucleotide and 
teaches hybridization of nucleic acid molecules to the polynucleotides and complements 
thereof. The Examiner also correctly noted that Powell et al. does not expressly teach that 
the aspartyl protease processes APP into amyloid beta, but the Examiner indicated that 
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Vassar et al teaches that the claimed activity is an inherent property of the aspartyl protease. 
The Applicants traverse this rejection. 

Anticipation requires that a prior art reference disclose a product (in this case 
polypeptides) that satisfies every limitation of a claim. Powell et al does not teach every 
limitation of claim 1 or by extension, any of claims 3 or 4, because they depend from claim 1 . 

Part (a) of claim 1 specifies a polypeptide that comprises an amino acid 
sequence set forth in SEQ ID NO: 4. The Examiner agrees that the sequence in Powell et al. 
differs from SEQ ID NO: 4 (less than 100% identity), so Powell et al does not anticipate the 
subject matter of part (a). 

Part (b) of claim 1 specifies a polypeptide that comprises fragments of SEQ ID 
NO: 4 that exhibit aspartyl protease activity involved in processing APP into amyloid beta 
and include the aspartyl protease active site tripeptides DTG and DSG. Powell et al. differs 
from SEQ ID NO: 4 at position 130, which falls within the domain defined by active site 
tripeptides DTG and DSG. Thus, Powell et al. does not anticipate the subject matter of part 
(b). 

Parts (c) of claim 1 specifies a polypeptide that comprises an amino acid 
sequence that is a conservative substitution variant of the polypeptides of parts (a) and (b), 
wherein the only amino acid differences are conservative substitutions otherwise the 
polypeptide sequence is identical to the sequences of parts (a) and (b). The genera of 
polypeptide defined by part (c) does not include the sequence taught by Powell et al because 
the amino acid sequence disclosed in Powell et al. has a Glu at position 130, while SEQ ID 
NO: 4 has a Val at position 130. A substitution of Val for Glu is not a conservative 
substitution, as Glu is an acidic residue and Val is an aliphatic residue. (Likewise, Powell et 
al, does not anticipate the polypeptide of claim 19 with aspartyl protease activity, which is 
identical across its length to a sequence in SEQ ID NO: 4). 

Vassar et al. is a review article that discusses the clinical significance of 
BACE1 (also known as |3-secretase or Asp2). The amino acid sequence provided in Fig. 2 of 
Vassar et al teaches the amino acid sequence of SEQ ID NO: 4 of the present invention and 
not the amino acid sequence taught in Powell et al Accordingly, the amino acid sequence 
taught in Vassar et al. has a Val at position 130. The difference in the Powell et al and 
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Vassar et al. amino acid sequences is within the domain defined by the active site tripeptides. 
Therefore, Vassar et al. does not inherently teach an activity for the Powell et al. protein. 

Claim 4 specifies that the polypeptide lacks a transmembrane domain. The 
present application explains that the full length Asp2 protein has a transmembrane domain 
near its C-terminus. This discovery would not have been expected from other aspartyl 
proteases that had been described in the art, such as renin, pepsinogen, pepsin, and cathepsin 
D, which did not reportedly have transmembrane domains. 

Powell et al. purports to disclose a deduced amino acid sequence of a protein 
called Asp2, but Powell et al. fails to teach or suggest that Powell's Asp2 has a 
transmembrane domain at all, and certainly does not teach to remove a transmembrane 
domain for any reason. Likewise, Powell et al. does not by chance teach any specific Asp2 
fragment that lacks the region identified by the Applicants as a transmembrane domain of 
Asp2 in the present application. Thus, Powell et al. does not anticipate the subject matter of 
claim 4. 

Thus, claims 1, 3 and 4 do not read on subject matter disclosed or suggested 
by Powell et al, and the rejection for anticipation should be withdrawn. 

III. Rejection Under 35 U.S.C. § 112, First Paragraph for Lack of Adequate Written 
Description Should be Withdrawn 

The Examiner rejected claims 1, 3, 4 and 16-19 under 35 U.S.C. § 1 12, first 
paragraph, alleging the specification fails to describe the claimed subject matter in such a 
way to reasonably convey to one of skilled the art that Applicants were in possession of the 
invention at the time of filing. The Applicants traverse this rejection. 

At the outset, Applicants request that independent claims 17-19 be examined 
on their merits rather than be lumped with claim 1 . These claims contain limitations of 
sequence identity to a reference sequence. As such, the Examiner's concern as to the 
structure and activity of variants is misplaced. 

The main basis for rejection appears to be an assertion that the specification 
does not adequately describe all of the variants embraced by independent claim 1 . 

Part (a) of claim 1 specifies that the polypeptide comprises the amino acid 
sequence set forth in SEQ ID NO: 4. Due to the well known degeneracy of the genetic code, 
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SEQ ID NO: 4 defines the structure of the entire genus of polynucleotides that encode it, for a 
person of ordinary skill. 

Part (b) of claim 1 recites fragments of (a) that include the aspartyl protease 
active site tripeptides DTG and DSG and exhibit aspartyl protease activity involved in 
processing APP into amyloid beta. There are only one DTG and one DSG in SEQ ID NO: 4, 
so the genus defined by part (b) is also well defined by SEQ ID NO: 4. Fragments that retain 
aspartyl protease activity are described at page 30, lines 3-21. Aspartyl protease activity 
involved in processing APP into amyloid beta is described in the specification at page 1 , lines 
25-27, page 40, lines 25-27, and pages 55-58 (Example 7). Fragments that include the 
aspartyl protease active site tripeptides DTG and DSG are described in the specification at 
page 30, lines 9-19. The application also provides aspartyl protease assays and substrates for 
the enzyme. Thus, the specification adequately describes the subject matter of part (b). 

Part (c) of claim 1 recites that the polypeptide is a conservative substitution 
variant of (a) or (b), wherein the conservative substitution variant is identical to (a) or (b) 
except for conservative substitutions and is encoded by a nucleic acid molecule that 
hybridizes under stringent conditions to complement of SEQ ID NO: 3. In addition, the 
conservative substitution variant exhibits aspartyl protease activity involved in processing 
APP into amyloid beta. Conservative substitutions are described in the specification at page 
32, line 26, through page 33, line 2. 

The limitation specifying that the polypeptide is encoded by nucleic acid 
molecule that hybridizes under the following stringent hybridization conditions to the 
complement of SEQ ID NO: 3 (i) hybridization at 42°C in a hybridization buffer comprising 
6x SSC and 0.1% SDS, and (ii) washing at 65°C in a wash solution comprising lx SSC and 
0.1% SDS reduces the number of variants encompassed by the genus. Example 9 of the 
Patent Office's Written Description Guidelines Training Materials provides a hypothetical 
invention involving nucleic acid sequence that hybridize under highly stringent condition to 
the complement of a disclosed sequence and the nucleic acid encodes a protein with a recited 
activity. The Patent Office's opinion regarding such a claim is that one of skill in the art 
would not expect substantial variation among the species encompassed by the claim because 
the recited hybridization conditions yield structurally similar nucleic acids. Therefore, the 
disclosed sequences are considered a representative number of species in view of the 

8 



Application No.: 10/652,927 



Docket No.: 29915/6280N3 



structural and functional requirements of the claim and therefore the genus of polypeptides is 
adequately described. The further limitation that the differences are conservative 
substitutions notably reduces the species encompassed by the claimed genus of polypeptides 
of part (c). The Patent Office's analysis of the written description requirement in the 
hypothetical does not concern itself with whether the specification provided specific guidance 
about specific changes at specific positions in the sequence because the genus is sufficiently 
described by the hybridization limitation, the reference sequence and the biological activity. 
Or stated differently, the combination of limitations used by the Applicants has been 
recognized by the Patent Office to provide sufficient specificity and limit variability enough 
to satisfy the written description requirement. 

Claims 16-19 are directed to additional variant polypeptides, which are 
biologically active aspartyl proteases with a valine at a position that corresponds to position 
130 of SEQ ID NO: 4. In claim 16, the polypeptide is encoded by a nucleic acid that 
hybridizes to SEQ ID NO: 3 under stringent wash conditions. According to Example 9 of the 
Written Description Guidelines described above, claim 16 is adequately described by the 
specification. In claim 17, the polypeptide is encoded by a nucleic acid which is identical 
across its length to the sequence set forth in SEQ ID NO: 3. In claim 18, the polypeptide is 
encoded by nucleic acid which is identical to a sequence set forth as SEQ ID NO: 3, and 
claim 19 is directed to a polypeptide comprising an amino acid sequence which is identical 
across its length to a sequence in SEQ ID NO; 4. Claims 17, 18 and 19 are adequately 
described in the specification for the same reasons that polypeptides of claim 1(a) or 1(b) are 
adequately described. 

The "Summary of Invention 11 section of the patent application contemplates 
and describes polypeptides having aspartyl protease activity and characterized by a first 
tripeptide DTG and a second tripeptide DSG and 100-300 amino acids in between these 
tripeptides or "special amino acids." (See, e.g., pp. 3-9; see also p. 26, lines 23-27 of the 
detailed description.) In SEQ ID NO: 4, these tripeptides occur at positions 93-95 and 289- 
291. References to these signature sequences, which help define the protease active site of 
Asp2, are incorporated into the claims to clarify that the claimed polypeptide fragments do 
not encompass short peptides lacking an active site. The minimum active site can be 
precisely defined using the activity assays taught in the applications, e.g. at pages 74-75. The 
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application also provides significant guidance with regard to signal peptide and propeptide 
domains of the full length Asp2 polypeptide that are not required for activity. For example, 
the domains of SEQ ID NO: 4 are defined by amino acid number at page 19, line 24 through 
page 20, line 3 as follows: the signal sequence spans residues 1-21, the pre-propeptide spans 
residue 22-45, the propeptide extends to residue 57, the transmembrane domain spans 
residues 455-477, the cytoplasmic domain spans residues 478-501. The specification 
identifies a putative alpha helical spacer region that spans residues 420-454 (located between 
the catalytic domain and the transmembrane domain). (See page 21, line 2-3) This region 
has cysteine residues that may be implicated in disulfide bonding of the full length or 
transmembrane deleted Asp2 protein. 

In view of the foregoing remarks, claims 1, 3, 4 and 16-19 are adequately 
described in the specification. Applicants request that the rejection under 35 U.S.C. § 1 12, 
first paragraph, for lack of adequate written description be withdrawn. 

IV. Rejection Under 35 U.S.C. § 112, First Paragraph for Lack of Enablement 
Should be Withdrawn 

The Examiner rejected claims 1, 3, 4 and 16-19 under 35 U.S.C. § 1 12, first 
paragraph alleging that the specification does not enable the full scope of the claims. In 
particular, the Examiner stated that the specification does not reasonably provide enablement 
for polypeptide variants. Applicants traverse this rejection. 

As with the written description rejection, the Applicants request independent 
evaluation of claims 17-19 because the sequence identity limitation of these claims render 
moot many of the issues raised with respect to "variants." 

The specification provides a method for identifying variant polypeptide and 
polypeptide fragments of SEQ ID NO: 4 (see Examples 1 and 2 of the specification; pages 
41-47). In particular, the specification teaches how to screen databases for nucleic acid 
sequences encoding polypeptides comprising the hallmark aspartyl protease active site 
tripeptides, and to screen human cDNA libraries once the sequences are identified. The 
polynucleotide can then be cloned from natural sources. Once the nucleic acid sequences of 
the invention are identified, the specification teaches how to recombinantly express the 
polypeptides of the invention using expression vectors and host cells (see page 34, line 25 
through page 38, line 4 through page 39, line 29). In addition, the specification teaches how 
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to recover and purify polypeptides from tissues, cultured cells or recombinant cell cultures 
(see page 34, lines 8-24). The specification also teaches methods for obtaining 
polynucleotide variants by mutating native nucleotide sequences, such as oligonucleotide- 
directed mutagenesis (see page 32, lines 3-25). 

In addition, the specification teaches assays to determine if the polypeptide 
retains aspartyl protease activity involved in processing APP into amyloid beta (Example 12, 
pages 74-75). The amino acid sequences that serve as substrates for an enzyme involved in 
APP processing are taught in the application and are known in the art. (See Haass et al. Cell 
75: 1039-1042, 1993; Exhibit A and Citron et al, Neuron 14: 661-70, 1995, Exhibit B). The 
specification teaches that active fragments and variants of the Asp2 aspartyl proteases include 
the aspartyl protease active site tripeptides DTG and DSG; and these tripeptides are necessary 
for the fragment to retain activity (page 30, lines 9-14 of the specification). 

The specification adequately enables polypeptide fragments and conservative 
substitution variants of the amino acid sequence of SEQ ID NO: 4. The Applicants disclosed 
two amino acid sequences (SEQ ID NOS: 6 and 8) which are at least 95% identical to the 
amino acid sequence of SEQ ID NO: 4. Example 12 demonstrates that, in addition to having 
95% identity to SEQ ED NO: 4, the Asp2 polypeptide of SEQ ID NO: 6 possesses APP 
processing activity similar to Asp2 polypeptide of SEQ ID NO: 4. The Applicants also 
disclosed the amino acid sequence of murine Asp2(a) as SEQ LD NO: 8, which is greater than 
95% identical to SEQ ID NO: 4. Further, in Example 3 the Applicants provide a working 
example which enables one of skill in the art to isolate Asp2 polypeptides which have 95% 
identity to SEQ ID NO: 4 from a cDNA library. (See page 41, line 1 through page 49, line 
4). Polypeptides that encoded by a nucleic acid sequence that is highly similar ( e.g. 95% 
identical) to another nucleic acid sequence are expected to hybridize under stringent 
conditions. 

In addition, the specification adequately enables polynucleotides that 
hybridize to the complement of SEQ ID NO: 3 under the recited stringent hybridization 
conditions. Methods of detecting polynucleotides that hybridize to a particular nucleotide 
sequence are well known in the art. The claims require that the polynucleotide hybridize 
under stringent conditions, and under these conditions one of skill in the art would not expect 
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substantial variation among the species encompassed with the scope of the claim (see page 
36 of the U.S. Patent and Trademark Office Revised Written Description Guidelines). 

The claims specifically define the differences in the variant polypeptide 
sequence as conservative substitutions. Groups of amino acids with similar physiochemical 
properties are well known in the art (See Stryer pages 18-21, attached hereto as Exhibit C). 
The term is also recognized by the U.S. PTO and is common in the art (See MPEP § 
2144.08). This claim limitation significantly reduces the number of variant polypeptides 
encompassed by the structural limitation of the claims, and increases the percentage that 
would be shown, through routine screening, to retain enzymatic activity (the functional 
limitation of the claims). Contrary to the Examiner's basis for rejection, the specification, in 
view of the recited claim limitations, provides adequate guidance as to the common features 
of the claimed genus and guidance as to which regions of the polypeptides of the invention 
may be conserved to maintain aspartyl protease activity. 

The Examiner asserted that the specification does not provide the structural 
requirements of the amino acid sequences encompassed by the claims and it is unpredictable 
which variations meet the limitations of the claims. The structural components necessary for 
aspartyl protease activity are taught in the specification, and the claimed fragments are 
required to have the aspartyl protease active site tripeptides DTG and DSG. The 
specification, at page 25, lines 25-30, teaches that aspartyl proteases possess a two domain 
structure which folds to bring two aspartyl protease residues into proximity of the active site 
and the active site is embedded in the short tripeptide motifs DTG and DSG. Therefore, 
small or inactive fragments and variants are not encompassed by the claims. The structural 
and functional limitations in the claim provide the necessary guidance for one of skill in the 
art to make and use the polynucleotides of the present invention. Moreover, the assays 
provided in the application allow one to determine whether any particular polypeptide variant 
is active using only routine screening, and routine screening does not constitute "undue 
experimentation" under the law. 

Furthermore, the specification describes how to make fragments of SEQ ID 
NO: 4 with the transmembrane domain deleted. In addition, Example 8 (pages 58-63) 
demonstrates that the transmembrane deleted fragments are active. The specification also 
teaches that the polypeptide of SEQ ID NO: 4 has a pre-propeptide that spans residues 22-45 
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and a propeptide that spans residues 46-57. (See page 19, lines 26-30). One of skill in the art 
understands that these peptide may be deleted to create an active fragment. The specification 
also teaches assays for measuring the aspartyl protease activity of the fragments. For 
example, a novel cell line for measuring processing of APP into amyloid beta is taught at 
page 40, lines 25-3 1 . These cells can be transfected with a polynucleotide of the invention 
that expresses the claimed fragment. At pages 51-57, the Applicants teach human cell lines 
that process APP which provide a means for screening for APP processing activity. 
Production of amyloid beta peptide in culture can be measured by EIA as described at pages 
53-54. Example 12 (pages 74-75), provides cell-free assays using synthetic peptide 
substrates to measure the aspartyl protease activity of the fragments. 

The Patent Office cites the Federal Circuit's Wands decision and cites the "Wands 
factors/' and the Applicants agree that these principles govern an enablement analysis. 
However, these principles have been misapplied. 

Wands involved screening of large numbers of hybridomas to identify specific 
hybridomas that fell within the claim limitations. Because the patentee in Wands provided 
sufficient guidance to make and screen the hybridomas and presented working examples, that 
the enablement requirement was fulfilled. In re Wands, 858 F.2d 731, 740 (Fed. Cir. 1988). 
In re Wands does not hold that a specific number of working examples is required. In 
reaching a decision, the court in Wands considered that the inventor's disclosure provides 
considerable direction and guidance on how to practice the invention and presents working 
examples. Id at 740. This fact, coupled with the high level of skill in the biotechnology arts, 
rendered the invention enabled, according to the Court. Id. Although a considerable amount 
of work may have been required to do the making and screening, such experimentation is 
routine, not "undue," according to Federal Circuit's decision in Wands. 

In the present application, the claims of the application are directed to a genus of 
polypeptides with limited variation from a wild-type protease sequence, and required to retain 
the protease activity. The specification fully discloses methods to make the claimed 
polypeptides and methods to determine whether these polypeptides exhibit protease activity 
toward substrates (also taught in the application). Similar to Wands, the invention provides a 
composition that cleaves (rather than binds) to a specific target, with the target cleavage 
identified using well-known screening methods. In the many years that have passed since the 
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invention at issue in Wands, when the level of skill was already considered high, the level of 
skill in the rapidly advancing arts of DNA and protein manipulation, synthesis, and screening 
are clearly very high. 

In fact, the making and screening required by the present invention (polypeptide 
identification and enzymatic testing) is much simpler and faster - more routine — than the 
making and screening of hybridomas and antibodies set forth in the facts of In re Wands, 
which the Court said was not undue experimentation. Experimentation, even if extensive, is 
not necessarily undue if it is routine in the art {In re Wands, 858 F.2d 731 (Fed. Cir. 1988)). 

Notwithstanding these favorable considerations relative to Wands, and the fact 
that polypeptide identification, production and screening is much more routine than Wand's 
hybridoma synthesis, monoclonal production, and monoclonal screening, the Examiner for 
this case reaches the opposite conclusion from the conclusion drawn by the Federal Circuit in 
Wands. Notwithstanding the lip-service paid to Wands, the Examiner refuses to recognize 
that the application teaches methods for making polypeptides of varying sequence using 
techniques common in the art such as recombinant expression, and teaches assays, many in 
vitro, by which the polypeptides and fragments can be routinely screened. 

In addition, the Examiner cited to Mickle et al. {Med. Clin. North Amer. 
84(3): 597-607, 2000), Voet et al {Biochemistry, 1990 John Wiley & Sons, pgs. 126-129 and 
228-234) and Yan et al {Science 290: 523-527, 2000) to demonstrate that a single amino 
acid change can alter the function of a protein. Mickle et al describes point mutations that 
are thought to be involved in the pathogenesis of cystic fibrosis. Voet et al teaches that a 
single amino acid substitution thought to be involved in the pathogenesis of sickle cell 
anemia. Yan et al teaches that alteration of two amino acids in a protein can change the 
receptor to which the protein binds. Each of these reports are isolated examples, and none of 
these reports were specifically directed to the question of what percentage of mutations in 
their respective proteins are silent versus activity-destroying. The authors and editors 
presumably had little interest in publishing about silent mutations. The identification of point 
mutations that have pathogenic implications is of great interest to the medical and research 
community and are published, but the studies have no probative value for assessing the 
likelihood of success at generating active variants. As described above, the present 
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specification provides nucleic acid sequences encoding the human and murine Asp2 amino 
acid sequences and therefore one of skill in the art can determine the conserved residues 
using simple computer alignment programs, which are referred to within the specification. In 
addition, the cited articles are not relevant because the present specification teaches the 
protease activity of the encoded polypeptides and the claims are directed to polypeptides with 
minor sequence variations that retain protease activity. The function of the variant 
polypeptides may be determined by routine screening for cleavage of APP as described in the 
specification. 

For the foregoing reasons, the specification provides reasonable enablement of 
claims 1, 3, 4 and 16-18. Therefore, Applicants request that the rejection under 35 U.S. C. § 
112, first paragraph for lack of enablement be withdrawn. 

V. Declaration of Michael Bienkowski, Ph.D. 

Submitted herewith (as Exhibit D) is a Declaration of Michael Bienkowski, 
Ph.D., that was submitted during prosecution of related U.S. patent applications. 

VI. Obviousness-Type Double Patenting Rejections 

Claims 1, 3, 4 and 16-19 were rejected under the judicially created doctrine of 
obviousness-type double patenting in view of the following patents: U.S. Patent Nos. 
6,913,918, 6,825,023 and 6,828,1 17. In addition, claims 1, 3, 4 and 16-18 were provisionally 
rejected under the judicially created doctrine of obviousness-type double patenting in view of 
the co-pending patent application no. 10/940,867. 

Applicants request that these double patenting rejections be held in abeyance 
until there is an indication of allowable subject matter. At that time, Applicants will consider 
filing appropriate disclaimer(s). It is premature to disclaim term before the scope of an 
allowable claim is clear. 

VII. Related Applications 

On page 7 of the Office Action, the Examiner requested that the Applicants 
provide an updated listing of the related patent applications such as the listing provided with 
the Information Disclosure Statement dated April 5, 2005. Submitted herewith, as Appendix 
E, is and updated list of issued U.S. patents and pending U.S. patent applications that are 
related to the above-identified application. The related applications claim priority to U.S. 
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provisional applications 60/101,594 and 60/155,493, U.S. application 09/404,133 
(abandoned) and U.S. application 09/668,314. One or more of the related applications may 
contain claims that are similar in scope or content to claims of the present application. 
Copies of these applications are not enclosed, but are pending in the U.S. Patent Office and 
should be available to the Examiner. 



have raised a variety of rejections under 35 U.S.C. §102, §103, §112, first and second 
paragraphs, and double patenting. Upon request, the Applicants will provide the Examiner 
with copies of office actions and/or responses filed for the related applications. The 
Examiner is invited to contact the undersigned if further explanation of the patent family is 



- During the course of prosecution of these applications, different examiners 



necessary. 



CONCLUSION 



In view of the foregoing remarks, Applicants believe claims 1, 3, 4 and 16-18 
are in condition for allowance and early notice thereof is solicited. 



Dated: March 28, 2007 




Respectfully submitted. 



Registration No.: 48,484 
MARSHALL, GERSTEIN & BORUN LLP 
233 S. Wacker Drive, Suite 6300 
Sears Tower 

Chicago, Illinois 60606-6357 
(312) 474-6300 
Attorney for Applicant 
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In 1907, Alois Alzheimer described a novel brain disease 
that principally affects late middle-aged and older humans 
and results in a progressive and ultimately fatal loss of 
mental capacity, particularly recent memory. This disor- 
der, later called Alzheimer's disease (AD), is defined by 
characteristic neuropathologies lesions in brain regions 
important for intellectual function. The only invariant 
pathological change is the formation of extracellular amy- 
loid plaques in the cerebral and limbic cortices and chemi- 
cally similar amyloid deposits in the walls of meningeal and 
cerebral blood vessels. Other structural changes found in 
AD brain, including the intraneuronal neurofibrillary tan- 
gles, are not restricted to AD but also occur in numerous 
etiologically diverse neurodegenerative diseases, and 
they are sometimes sparse in AD itself. 
The Amyloid p-Peptlde Plays an Early Role 
In the Pathogenesis of AD 

The major proteinaceous component of the vascular and 
plaque amyloid deposits, the hydrophobic 39-43 residue 
amyloid P-peptide (A0), is proteotyticaJly derived from an 
integral membrane protein, the p-amyloid precursor pro- 
tein (PAPP; Figure 1 ) that is encoded by a gene on human 
chromosome 21 (Kang et al., 1987). Importantly, patients 
with trisomy 21 (Down's syndrome) develop neuropatho- 
logica) changes indistinguishable from those of AD, but 
starting at a very early age. The finding that an extra copy 
of the pAPP gene invariably leads to typical AD pathology 
that begins with amyloid plaque formation supports the 
hypothesis that the metabolism of pAPP into AP may play 
a crucial role in the pathogenesis of the disease. Further- 
more, synthetic Aps have been shown to produce toxic 
effects on cultured neurons (Yankner et al. t 1990), al- 
though the cellular and molecular mechanisms of Ap- 
associated neurotoxicity remain controversial. Perhaps 
the strongest evidence for a pathogenic role of PAPP 
emerges from the discovery that some cases of autosomal 
dominant AD are strongly linked to missense mutations 
in the pAPP gene, specifically within and immediately 
flanking the Ap sequence (summarized by Hardy, 1992). 
For these reasons, this review will focus on the complex 
cellular processing of pAPP and particularly on the recent 
discovery that Ap is generated continuously by a physio- 
logical mechanism. 

Conventional Secretory Processing of fiAPP 
Prevents the Generation of Ap 

The primary structure of PAPP closely resembles a cell- 
surface receptor (Figure 1 ) with a signal sequence, a large 
extramembranous N-terminal region, a single transmem- 
brane domain, and a small cytoplasmic C-termina! tail 
(Kang et al., 1987). Ap represents only a small fragment 



of PAPP, and proteolytic processing of the precursor re- 
sults in the formation of this peptide. The last 1 1 -1 5 amino 
acids of Ap are located within the transmembrane domain 
(Figure 1), presumably protecting it from proteolytic cleav- 
age. Moreover, Ap generation is complicated by the fact 
that normal secretory processing of p APP (Weidemann et 
al., 1989) results in a cleavage of the precursor at amino 
acid 16 within Ap (Esch et al., 1990). This scission, made 
by an unidentified enzyme designated a-secretase, leads 
to the secretion of the large soluble ectodomain of PAPP 
(APP,) and the retention of the small 10 kd C-terminal 
fragment within the membrane (Figure 2A). The a-secre- 
tase-mediated cleavage of PAPP can apparently occur at 
the cell surface (Sisodia, 1992; Haass et al., 1992a) or 
intracellular^ (Sambamurti et al., 1992). Thus, conven- 
tional secretory processing of PAPP precludes the forma- 
tion of Ap. Based on these data, it has been widely as- 
sumed that only aberrant processing under pathological 
conditions could lead to the formation of Ap and its release 
from the cell membrane. 
Endosomal-Lysosomal Processing of pAPP 
Leads to Potential Ap Precursors 
During the last year, evidence has accumulated that only 
a minority of pAPP molecules are actually processed by 
this secretory pathway. C-terminal fragments of PAPP 
were identified in cultured cells (Golde et al., 1992; Haass 
et al., 1992a) or brain tissue (Estus et al., 1992) that con- 
tained the complete Ap sequence and could thus serve 
as potential degradative intermediates for Ap formation. 
These fragments were found to be stabilized by leupeptin, 
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Figure 1. The Primary Structure of pAPP 
The vertical lines represent the single transmembrane domain, and 
the open box represents the A0 peptide. The lysine and methionine 
residues that are underlined are substituted by asparagine and leu- 
cine, respectively, in the case of the double missense mutation found 
in a Swedish family with autosomal dominant AO. The horizontal boxes 
and lines below the Ap sequence represent peptides that have been 
found to be secreted by a variety of tissue culture cells. The major 
species begins at Asp-1, whereas minor peptides begin at Val-(-3), 
lle-t-6), Phe-4, and Glu-1 1 . The stippled box corresponds to p3, which 
starts at Leu-17 (hatched segment) or at Val-18. The C-terminus of 
secreted Ap also shows heterogenlty , with a major species ending at 
residue 40. 
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Figure 2. Known Cellular Processing Pathways of &APP 
(A) Conventional secretory processing of 0APP. (B) Endosomal-lyso- 
somal processing of PAPP. (C) Proteolytic generation of A3 and p3. 
Arrowheads designated a and 0 indicate the sites of cleavage of pAPP 
utilized by unidentified proteases designated a-eecretase and p-secre- 
tase. respectively. The arrowhead within the transmembrane region 
of 0APP indicates the sites of the A3 C-termlnal cleavage, again ef- 
fected by an unknown protease. 

ammonium chloride, or chloroqulne, agents known to in- 
hibit endosomaWysosomal proteases. Such results led to 
the proposal that pAPP could also be processed in an 
endosomal-lysosomai pathway. However, it is not clear 
whether some of these fragments may initially be made 
within the Golgi or at the cell surface and then accumulate 
within the lysosome, where they could be subjected to 
further processing and degradation. Surface biotinytation 
and antibody binding experiments on living cells revealed 
that full-length pAPP can be reinternalized from the cell 
surface in an apparent coated pit-mediated pathway 
(Haass et a!., 1992a). Indeed, full-length pAPP and the 10 
kd C-terminal fragment have been found within isolated 
clathrin-coated vesicles (Nordstedt et al., 1993). Further- 
more, isolation of late endosomes-lysosomes from leu- 
peptin-treated cells directly demonstrated that full-length 
PAPP, the 10 kd C-terminal fragment, and a range of 
slightly larger C-terminal fragments of pAPP containing 
the intact Ap sequence accumulate within lysosomes 
(Haass et al., 1992a). Taken together, these observations 
indicate that some full-length pAPP molecules are rein- 
ternalized from the cell surface and targeted, together with 
the 1 0 kd and probably other Oterminal fragments, to lyso- 
somes for final degradation (Figure 2B). In addition to this 
^internalization pathway, a pathway that targets PAPP 
from the trans-Golgi network directly to endosomes and 
lysosomes could exist. 

Normal Cellular Processing of fiAPP Leads 
to the Secretion of Afi 

The description of a normal processing pathway for PAPP 
that generates Ap-bearlng fragments under physiological 



conditions suggested that aberrant processing of PAPP 
might not be necessary to generate Ap. This concept has 
now been validated by the u nexpected discovery that Ap is 
normally secreted into the media of a wide array of cultured 
cells that express PAPP (Haass et al., 1992b; Seubert et 
al., 1992; Shoji et al., 1992; Busciglio et al., 1993). In such 
conditioned media, peptides of 4 kd (AP) and 3 kd (p3) 
were identified by immunoprecipitation with antibodies to 
Ap (Figure 2C) (Haass et al., 1992b; Shoji et al., 1992; 
Busciglio et al., 1993). Radiosequencing indicates that 
p APP proteolysis normally yields a heterogeneous popula- 
tion of Ap and closely related peptides (Figure 1). Within 
the 4 kd range, the major peptide appears to be identical 
to Ap starting at Asp-1 (Haass et al., 1992b; Seubert et al., 
1992). Additional peptides have been identified in minor 
amounts that start at VaH-3), IM-6), Glu-11, or Phe-4 
(Haass et al., 1992b) (Figure 1). In addition to this N-ter- 
minal heterogeneity, the C-termlni of Ap in culture medium 
also vary considerably (Dovey et al., 1993). In the 3 kd 
range, the peptide begins at or immediately adjacent to 
the conventional a-secretase cleavage site (Figure 1), sug- 
gesting that this fragment arises from the 1 0 kd C-terminal 
peptide (Haass etal., 1992b) (Figure 2C, left). These data 
suggest that the C-terminal cleavages creating the Ap and 
p3 peptides are mediated by similar, if not identical, prote- 
ases. This C-terminal AP cleavage should create an -7 
kd PAPP C-terminal fragment (p7 in Figure 2C). Indeed, 
small amounts of such a fragment can be detected in ty- 
sates of cells transfected with a pAPP cDNA (C. H. and 
D. J. S., unpublished data). The N-termlnal cleavage gen- 
erating p3 is thus probably made by a-secretase, whereas 
the N-terminal cleavage generating Ap appears to be me- 
diated by a highly sequence-dependent protease (Citron 
et al., 1992; M. Citron and D. J. S., unpublished data) 
distinct from a-secretase, which has been shown to cleave 
PAPP in a sequence-independent manner (Sisodia, 1 992). 
This P-secretase cleavage should result in a truncated spe- 
cies of APP.; indeed, such a form of APP, terminating just 
before the Ap region has recently been detected in the 
media of cultured cells (Seubert et al., 1993) (Figure 2C, 
right). 

Importantly, Ap has been detected not only in the super- 
natants of cultured cells but also in normal body fluids, 
e.g., in human cerebrospinal fluid (Seubert et al., 1992; 
Shoji et al., 1992). An Ap-immunoreactlve species has 
been detected in human serum (Seubert et al., 1992), al- 
though its chemical identity has not yet been established. 
These findings indicate that in vitro production of Ap re- 
flects PAPP processing in vivo. 

The observation that AP is normally produced by cul- 
tured cells provides a dynamic model system in which one 
can examine the detailed molecular mechanisms leading 
to Ap. Heretofore, Ap had only been obtained, laboriously 
and in small quantities, from insoluble amyloid deposits 
of postmortem human brain. As noted above, several mis- 
sense mutations in the PAPP gene have been identified 
to date in patients with early-onset familial AD. A key step 
toward understanding the pathogenesis of AD will be to 
clarify the effect of these mutations on pAPP processing. 
So far, no obvious changes In the conventional secretory 
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processing of these mutant PAPP molecules In vitro have 
been documented. However, at least one of these muta- 
tions, one that was identified in a Swedish family (Mullan 
et al., 1992) (Figure 1), results in a striking 5- to Wold 
increase in secretion of Ap in vitro (Citron et al., 1992; Cai 
et al., 1993). This increase in Ap production is due to a 
methionine to leucine switch at the N-terminal cleavage 
site of Ap, a substitution that apparently increases the 
affinity of the substrate for the p-secretase. These findings 
provide a clear link between a familial AD genotype and 
the generation of the AD neuropathological phenotype. 
However, another missense mutation in the PAPP gene 
at codon 717 (4-6 residues beyond the usual C-termlnus 
of AP) has so far not been shown to result in an obvious 
increase of Ap production (Cai et al., 1993). Whereas this 
mutation and others at the same codon (Hardy, 1992) 
might not affect the quantity of Ap, they could potentially 
result in longer, more readily aggregating peptides. It is 
known that additional amino acids at its C-terminus may 
enhance the aggregation of AP in vitro (Jarrett and Lans- 
bury, 1993). 

In additon to the several known missense mutations in 
pAPP, genes linked to the familial AD phenotype have 
been localized to chromosome 14 (e.g., Schellenberg et 
al., 1992) and chromosome 19 (Strittmatter et al., 1993). 
The responsible gene on chromosome 1 4 has not yet been 
identified, but one might speculate that it could be involved 
in regulating pAPP expression or processing or the metab- 
olism of Ap itself, since the families linked to chromosome 
1 4 have a very early and severe P-amyloidotic phenotype. 
On chromosome 19, the gene encoding apolipoprotein E 
shows segregation of the e4 allele with late-onset familial 
AD (Strittmatter et al., 1993). How the normally occurring 
&4 polymorphism, which results in a single amino acid 
substitution in apolipoprotein E, predisposes subjects to 
AD remains to be determined. One hypothesis suggests 
that apolipoprotein E might bind to and serve as a carrier 
of Ap in vivo. These findings and others clearly indicate 
that familial AD is genetically heterogeneous. It appears 
that mutations or polymorphisms in a variety of gene prod- 
ucts will ultimately be shown to lead to progressive cere- 
bral p-amyloidosis and AD. 
Mechanism of Afi Production and Regulation 
Little is currently known about the cellular mechanisms 
that allow Ap generation. Interestingly, AP has thus far not 
been detected intracellular^ (Haass et al., 1992b, 1993; 
Shojl et al., 1992). The complete Inhibition of Ap genera- 
tion by brefeldin A suggests that transport of PAPP through 
the Qolgi is a prerequisite for AP production (Haass et al., 
1993). Ap formation is not inhibited by leupeptin (Shoji et 
al., 1992; Haass et al, 1993; Busciglio et al., 1993), and 
Ap has not been found in isolated lysosomes (Haass et al., 
1993). However, agents that interfere with pH gradients in 
vesicular compartments (NhUCI, chloroquine, monensin) 
markedly inhibit Ap production in most cell types studied 
(Shoji et al., 1992; Haass et al., 1993), suggesting that an 
acidic compartment is necessary for Ap generation. It is 
therefore hypothesized that AP might be generated in late 
Golgi vesicles or in early endosomes. With regard to the 
latter, it is interesting to note that a truncated PAPP con- 



struct that lacks the cytoplasmic tail still allows the produc- 
tion of 4 kd peptides, although the large majority of these 
peptides do not start at Asp-1 of Ap (Haass et al., 1993). 
This result suggests that the cytoplasmic domain of pAPP 
(which contains the NPXY consensus sequence for clath- 
rin-mediated endocytosis) may play a role in targeting the 
precursor to the subcellular compartment involved in Ap 
generation and that ^internalization from the cell surface 
may favor formation of the peptide. 

Whereas all pAPP-expressing cells examined to date 
process some precursor molecules into Ap, recent data 
show that the metabolism of the precursor appears to be 
a highly regulated process that can be influenced by extra- 
cellular signals and intracellular second messengers. 
These results could potentially be important for the treat- 
ment of AD, because they may offer one pharmacological 
approach to partially inhibiting the production of Ap. The 
activation of protein kinase C (PKC) by phorbol esters or 
certain first messengers can increase the secretion of 
APP. (e.g., Nitsch et al., 1992). However, site-directed mu- 
tagenesis of potential phosphate acceptor residues in the 
cytoplasmic domain demonstates that this PKC-medlated 
effect does not involve enhanced phosphorylation of the 
pAPP molecule itself; indeed, pAAP is basally phosphory- 
lated solely on its ectodomain (A. Hung and D. J. S., in 
press). Thus, a distinct protein activated by PKC-mediated 
phosphorylation Is likely to be Implicated in pAPP secre- 
tory processing, for example, a-secretase itself or a protein 
involved in the trafficking of vesicles that contain PAPP. 
Coincident with the enhancement of secretion of APP., 
PKC activation consistently and substantially decreases 
Ap formation. This down-regulation is observed after stim- 
ulation of the phosphollpase C-PKC-linked muscarinic ml 
receptor (Hung et al., 1993) or after direct phorbol ester 
treatment (Hung et al., 1993; Buxbaum et al., 1993). 

Based on these data, alternative cellular pathways ap- 
pear to determine whether PAPP is destined for an amy- 
loidogenic or nonamyloidogenic fate. PKC activation may 
increase the likelihood that PAPP is cleaved by a-secre- 
tase or else it may target p AP P into a cellular compartment 
that produces lower amounts of Ap. 
Implications tor the Potential Therapy 
or Prevention of AD 

The discovery of AP generation by cultured ceils provides 
a model system capable of identifying and characterizing 
pharmacological agents that can down-regulate Ap pro- 
duction. Furthermore, the ability to quantitate soluble Ap 
in biological fluids could lead to a cerebral spinal fluid or 
plasma assay to monitor Ap before and during the course 
of the disease. Chronically lowering Ap levels in brain, 
cerebral spinal fluid, serum, or some combination could 
provide a critical means of slowing the generation of the 
neuropathological lesions of AD. Decreasing the produc- 
tion of other amyloidogenic precursor proteins has already 
proven successful in slowing or halting certain potentially 
lethal amyloid deposition diseases in humans. Further ef- 
forts to identify the precise cellular pathway that generates 
Ap and to characterize the responsible proteases may pro- 
vide a particularly attractive route to diminishing the cere- 
bral amyloid burden during aging and in AD. 
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Summary 

Cerebral deposition of amyloid p protein (Ap) Is an 
early and critical feature of Alzheimer's disease. Here 
we analyze the substrate requirements of proteases 
fp-secretases") that cleave the p-amyloid precursor 
protein (pAPP) at the N-terminus of Ap (Asp-597 of 
pAPPos) in intact human cells. The cleavage requires 
a membrane-bound substrate but tolerates shifts In 
the distance of the hydrolyzed bond from the mem- 
brane. The major protease has a minimum recognition 
region of Val-594 to Ala-598; most substitutions in this 
sequence strongly decrease or eliminate Ap produc- 
tion. Only the Swedish familial Alzheimer's disease 
mutation (K595N/M596L) strongly increases Ap pro- 
duction. Moreover, in this mutant but not In the wild 
type, the entire cytoplasmic tail with its reinternaliza- 
tion signals can be deleted without affecting Ap ^ter- 
minal cleavage, consistent with the concept that cleav- 
age of this mutant occurs In a different cellular 
compartment than that of wild-type molecules. Our re- 
sults have important implications for current Intensive 
approaches to develop assays for and identify en- 
zymes with p-secretase activity. 

Introduction 

Alzheimer's disease is characterized by the progressive 
formation in the brain of insoluble amyloid plaques and 
vascular deposits consisting of the 4 kDa amyloid p pep- 
tide (AP; Glenner and Wong, 1984; Masters et al., 1985). 
AP is proteolytically derived from a large integral mem- 
brane protein, the p-amylold precursor protein (PAPP). 
Four AP-containing isoforms of PAPP, comprising 695, 
714, 751 , or 770 amino acids, have been described (Kang 
etal., 1987; Ponteetai., 1988;Tanzietal., 1988; Kitaguchi 
et al., 1988; Golde et a!., 1990). The two longer isoforms 
contain a serine protease inhibitory domain of the Kunitz 
type. After maturation within the endoplasmic reticulum 
and Golgi, PAPP undergoes a constitutive "a-secretory" 
proteolytic cleavage to release the large soluble N-terminal 
ectodomain (APP.) and create a 10 kDa Oterminai frag- 
ment that remains membrane bound (Figure 1) (Weide- 
mann et al . , 1 989; Esc h et at. , 1 990; Oltersdo rf etal., 1 990; 
Sisodia et al., 1990). In this pathway, pAPP is cleaved 
within the Ap domain primarily between residues Lys-16 
and Leu-17, precluding formation of Intact Ap (Esch et 



al., 1990). Recently, it has been shown that alternative 
cleavage sites within the Ap region can be used in different 
cells, suggesting that a-secretase cleavage is likely to in- 
volve a diverse set of proteases (Zhong et al., 1994). 

The enzyme(s) responsible for this a-secretory cleavage 
has not yet been isolated, but Indirect evidence suggests 
that the major form of a-secretase is a membrane-bound 
enzyme that cleaves pAPP on the plasma membrane (Si- 
sodia, 1992). It has been suggested that the principal de- 
terminants of cleavage are an a-helical conformation 
around the cleavage site and the distance of the hy- 
drolyzed peptide bond from the membrane, not the pri- 
mary structure in this region (Sisodia, 1992). Ap must be 
generated by an alternative pathway that involves at least 
two proteolytic cuts, one at the N-terminus by an en- 
zy me(s) designated p-secretase and one at the C-terminus 
by v-secretase (Figure 1). Thus, a potential therapeutic 
strategy for decreasing AP deposition in Alzheimer's dis- 
ease involves inhibition of specific enzymes performing 
one or both of these cuts. 

Ap production and release are normal physiological 
events. The 4 kDa peptides precipitable by a variety of 
Ap-specific antibodies are normally present in the media of 
PAPP-expressing cultured cells and in human and rodent 
cerebrospinal fluid. Most of these 4 kDa peptides secreted 
from human kidney 293 cells, human M17 neuroblastoma 
ceils, and human fetal mixed brain cultures indeed start 
at Asp-1 (Haass et al., 1992b; Shoji et al., 1992; Seubert 
et al., 1992; Busciglio et al., 1993) and contain approxi- 
mately 40 amino acids. Interestingly, the amount of Ap 
released into conditioned media is markedly increased by 
a double missense mutation (K595N/M596L; Figure 1 ) that 
occurs in a Swedish Alzheimer's disease family (Mullan 
et al., 1992), as seen both in transfected cell lines (Citron 
et ah, 1992; Cai etal., 1993) and in primary skin fibroblasts 
from patients carrying the mutation (Citron et al., 1994). 
In addition to AP, a 3 kDa peptide (p3) starting at Leu-17 
is constitutively secreted. This peptide appears to be de- 
rived by y-secretase cleavage of the 10 kDa C-terminal 
fragment of PAPP following secretion of APP 8 (Haass et 
al., 1993). p3 has recently been detected in diffuse plaques 
in Alzheimer brain tissue (Gowing et al., 1994). 

The precise intracellular site(s) of Ap generation and the 
proteases involved in its production are poorly understood. 
However, recent radiosequencing studies have shown 
that p-secretase cleavage occurs at slightly different posi- 
tions in different cell types. In 293 cells, approximately 
80% of Ap produced from wild-type pAPP molecules starts 
at Asp-1, with the rest beginning at Val(-3) and Ue(-6) 
(Haass et al., 1992b); however, in primary skin fibroblasts, 
wild-type PAPP is metabolized to the Asp-1 form of Ap only 
(Citron et al., 1994), and in Madin-Darby canine kidney 
cells, primarily to a form starting at Arg-5 (Haass et al., 
1994). These results suggest that different cell-specific 
proteases are capable of generating the N-terminus of Ap. 

In this study, the substrate requirements of the prote- 
ases (P-secretases) that liberate the N-terminus of Ap in 



Neuron 
662 



B5 (44*591) C7 (676-695) 



N 




^ ~ amyloid B-protein 

1 * 1617 40 

...vkm |daefrhdsgyevhhqklvffaedvgsnkgaiiglmvggw"1 

■ "t ♦ t 

pa Y 



1963(AB21-37) 



VKMDA R1280(Afll-40) 
AN L K A 
WEA G E 

YAK 

V I 

A N 

K E 

E 

I 

F 

Figure 1. pAPP Structure and Processing 
The schematic shows pAPPm with the consensus N-iinked glycosyla- 
tion sites (CHO) and the restriction sites Acct (A), Xhol (X), and Bglll 
(B). The part of the pAPP molecule removed by the XB deletion is 
indicated. N, N-termtnua; C, C-terminus; vertical bars, plasma mem- 
brane; black box, Ap. Solid horizontal lines represent the regions 
against which antibodies 85, C7, 1963, and R1280 were produced. 
The amino acid sequence of the Ap region of 0APP is expanded. The 
position of the Swedish (sw) FAD mutation is indicated. The sites of 
the a-, fk and y-secretase cleavages are marked by arrows. The exact 
site(s) of Y-secrstase cleavage Is un known, but the majority of Ap mole- 
cules in Alzheimer brain tissue terminate at VaJ-40 or Ala-42 (Mori et 
al., 1992; Roher et al., 1993). The amino acids shown in bold type at 
the lower left were mutated in this study to the amino acids indicated 
In plain type; A signifies a deletion. 



293 cells and in SK-N-SH human neuroblastoma cells 
were analyzed. We show that these proteases depend on 
a membrane-bound pAPP substrate but tolerate changes 
in the distance of the cleaved peptide bond from the mem- 
brane. We define a minimal recognition sequence, docu- 
ment that the major Asp-1 cleaving enzyme is highly se- 
quence specific, and show that the P-secretase cleavage 
occurs prior to the y-secretase cleavage. Further, we show 
that deletion of the entire cytoplasmic tail of p APP strongly 
influences the N-terminal cleavage pattern of wild-type but 
not of Swedish mutant PAPP, consistent with the idea that 
the N-terminal cleavage of Ap in these two pAPP forms 
occurs in two different intracellular compartments. Finally, 
we discuss the implications of our results for current inten- 
sive efforts to develop an assay for a p-secretase enzyme 
in human brain and to confirm its identity. 

Results 

Ap Production Does Not Require the N-Terminal 
Portion of pAPP 

To define a minimal region of pAPP that Is obligatory for 
Ap N-terminal cleavage in intact human cells, two PAPP^s 
in-frame deletion constructs, in which the 869 bp fragment 



from Xhol to Bglll (Figure 1 ) is replaced by a 1 6 bp synthetic 
piece of DNA, were analyzed. In these constructs, amino 
acids 309-589, including the two N-glycosylation sites at 
467-469 and 496-498 (Kang et al., 1987), are deleted. 
Introduction of this deletion into a ptasmid carrying the 
wild-type pAPPess cDNA created plasmid XB, while intro- 
duction Into a plasmid carrying the pAPPew sequence with 
the Swedish double missense mutation (Citron et al. , 1 992) 
(Figure 1) created plasmid XBsw. Upon transfection, both 
constructs resulted in the production of Ap, p3, and APP B| 
the latter being about 30 kDa smaller than the respective 
wild-type protein as a consequence of the deletion (Figure 
2A). As with full-length PAPP constructs, the Swedish mu- 
tation leads to a strong Increase in the amount of Ap (Fig- 
ure 2A). This experiment demonstrates that amino acids 
309-589 are not specifically required for the p- and 7-se- 
cretory cleavages that generate Ap in intact cells and are 
not involved in the increase in Ap production observed in 
the Swedish mutation. Another internal deletion construct, 
PAPPegs/AX, In which amino acids 78-305, including the 
ectodomain phosphorylation site(s), were deleted (Hung 
and Selkoe, 1994) also still allowed AP production (Hung 
and Selkoe, unpublished data), Indicating that almost the 
entire PAPP ectodomain was dispensable with respect to 
AP production. 

Proteolytic Generation of the Ap N-Terminus 
Tolerates Changes of Distance to the Membrane 

It has been postulated that a-secretase cleaves PAPP at 
a fixed distance from the membrane (Slsodia, 1992). To 
address whether the same is true for the Ap N-terminal 
cleavage, we engineered constructs with amino acid dele- 
tions between the Ap cleavage site and the stretch of Ap 
amino acids from 18 to 23, near the transmembrane do- 
main that is required for a-secretase cleavage (Sisodia, 
1992). Two deletion constructs were analyzed: in A 5-9 
the amino acids RHDSG of AP (601-605 of pAPP^) are 
deleted, and in A9-12 the amino acids GYEV (605-608) 
are deleted. Both constructs still led to the production of 
AP and p3 peptides, as well as an APP 8 molecule that 
is poorly detectable by the R1280 immunopreciprtating 
antibody, owing to the deletion (Figure 2B). This finding 
demonstrates th at amino acids 5-1 2 of Ap are dispensable 
for protease recognition of the N-termlnal cleavage site. 
Together with the results of the XB deletion (Figure 2A), 
it appears that the recognition sequence for p-secretase 
is limited to a maximum of 11 amino acids (positions 590- 
600) immediately surrounding the cleavage site. However, 
we cannot exclude the possibility that residues C-terminal 
to amino acid 608 might also assist in proper recognition. 
An analogous insertion construct in which the amino acids 
IGFEV were inserted after the 7th amino acid of AP (posi- 
tion 603) led to a strong decrease in both Ap and p3, sug- 
gesting that this insertion had disrupted the overall struc- 
ture of the molecule and thereby inhibited both a- and 
P-secretase cleavages (data not shown). Relative to wild- 
type PAPP, the AP bands derived from both deletion con- 
structs displayed decreased mobility (Figure 2B). This re- 
sult suggests that the predominant Met-Asp cleavage site 
was maintained, independently of its membrane distance. 
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Figured Antibody R1280 Immunoprecipita- 
tions of Conditioned Media from Metabolically 
Labeled Kidney 293 Cells Transiently Trans- 
fected with the Indicated Plasmids 
(A) Xhol-Bglll deletion constructs either with- 
out (XB) or with (XBsw) the Swedish double 
mutation. 0, untransf acted; wt, transfected with 
wild-type pAPPew- APP. marks the region of 
the gel in which conventional soluble forms of 
PAPP migrate. APP,* marks the form of APP, 
that is shortened by - 30 kDa owing to the XB 
deletion. APP/ is stronger in XBsw than in XB, 
presumably because of higher transfection effi- 
ciency. 

(6) A3 Internal deletion constructs. In A5-9, A(J 
and p3 run as distinct but very closely spaced 
bands. Radiosequencing of the upper band 
confirms that it has A3 sequence (see Figure 
3). Owing to the deletion of amino acids 9-12 



and 5-9 of Ap, the C-terminus of APP, is much less well recognized by R1280. The ~ 200 kDa proteins detected in all immunoprecipitations and 
the -70 kDa protein in (B) are nonspecific proteins that are unrelated to pAPP (Haass et al., 1992b). 



Radiosequencing of A (5 from A5-9 and A9-12 transfec- 
tants demonstrated that this is indeed the case (Figures 
3A and 3C). For Ap from both A5-9 and A9-12, major 
peaks of 3 H~phenylalanine were obtained at positions con- 
sistent with an Ap start at Asp-1 (peak of radioactivity at 
cycle 4) and the deletion of 5 or 4 amino acids, respec- 
tively, between Phe-4 and Phe-19/20 (double peaks of ra- 
dioactivity at cycles 14/15 or 15/16, respectively). As ex- 
pected, p3 is not influenced by the deletions, and therefore 
both constructs show a p3 radiosequencing pattern very 
similar to the one previously established for wild-type 
PAPP (Haass et a!., 1992b), with most of p3 starting at 
Leu-17 (Figures 3B and 3D). In summary, these data 
strongly suggest that the N-terminal cleavage generating 
AP can tolerate a decrease of distance of the peptide bond 
from the membrane. 



Membrane Association of pAPP Is Required for 
p-Secretase Cleavage 

Next, we asked whether pAPP must be membrane bound 
for Ap production to occur. To address this question, five 
constructs were designed (Figure 4A), transiently 
transfected into 293 cells, and checked for Ap production 
(Figure 4B). The wild-type PAPPess construct shows the 
expected bands of APP B , Ap, and p3 (Figure 4B). The con- 
struct STOP51 contains a stop codon at position 648, after 
the 51st amino acid from the Ap start site (Figure 4A), 
thus including virtually the entire pAPP transmembrane 
domain. This construct produces Ap and p3 comparably 
to the wild type (Figure 4B). However, products in the size 
range of APP 8 are markedly increased (see below). The 
construct STOP40 contains a stop codon at position 637, 
after the 40th amino acid from the Ap start (Figure 4A). 
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Figure 3. Radiosequencing of Ap and p3 Pep- 
tides Secreted by 293 Cells Transfected with 
the A&-9 and A9-12 Mutations 
The 3 H-phenylalanine radioactivity obtained at 
each cycle of the Edman chemistry is graphed 
for the 4 kDa (A and C) and 3 kDa (B and D) 
bands. The sequences above (A) and (C) are 
correct for the A5-9 and A9-1 2 molecules, re- 
spectively, i.e., they lack the deleted amino 
acids. The radiolabeled phenylalanines are in- 
dicated by bold letters (F) in each peptide se- 
quence. 
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Figure 4. Membrane Insertion of pAPP Is Re- ' 
quired to Generate Ap 

(A) pAPP schematic showing the C-terminl of 
STOP51 and STOP40 constructs and the NL 
substitution In the constructs STOPSlsw and 
STOP40sw. The amino acids of the transmem- 
brane domain are indicated in bold letters. 

(B) Antibody R1280 immunoprecipitations of 
conditioned media from metabollcaily labeled 
293 cells transiently transfected with the indi- 
cated plasmids. 

(C) Antibody 1280 (A^) and antibody 1963 
(AP21-37) immunoprecipitations ol conditioned 
media from metabolically labeled 293 cells 
transfected with the indicated plasmids. 

(0) Antibody B5 (to the midregion epitope 
PAPP*,^) Immunoprecipitations of total ly- 
sates of the celts used in (C). The principal en- 
dogenously expressed pAPPm precursor is in- 
dicated. 

(E) Western blot of carbonate-extracted mem- 
brane preparations from kidney cells transfected 
with the indicated plasmids, using antibody B5. 
The two endogenous pAPP 7S i bands are indi- 
cated. The PAPPUS bands of the wild-type 
transfectant are marked (x). The lower molec- 
ular weight 0APP bands of the truncated 
STOP51SW construct are also marked (dots). 
This get was run longer than (D) and therefore 
shows a dear separation of the N- and the 
N'+O' glycosylated forms. 



Thus, the resulting pAPP molecule terminates at the major 
cleavage position of y-secretase (Figure 1 ) and would only 
need to undergo N-terminal cleavage to generate AfL This 
construct also produces very high amounts of material in 
the APP a size range, but secretes neither Ap nor p3 (Figure 
4B). Similar results were obtained with the constructs 
STOPSlsw and STOP40sw, which contain the Swedish 
mutation In addition to the STOP51 or STOP40 deletion, 
respectively (Figure 4B). 

The fact that the constructs STOP51 and STOPSlsw 
secrete Ap while STOP40 and STOP40sw do not strongly 
suggests that only membrane-bound pAPP can function 
as a substrate for the Ap N-terminal protease. Both trunca- 
tion constructs lack the pAPP cytoplasmic domain, thus 
excluding the possibility that loss of this region alone 
causes the complete lack of AP generation in STOP40 and 
STOP40sw. The only difference between the constructs 
is the length of the transmembrane region they contain: 
STOP40 and STOP40sw contain only 12 amino acids of 
the predicted 24 amino acid transmembrane domain 
(Kangetal., 1 987), whereas STOP51 and STOPSlsw con- 
tain 23. It is therefore likely that the PAPP of STOP51 and 
STOP51 sw occurs in considerable part as a membrane- 
bound molecule, whereas PAPP of STOP40 and STOP40sw 
does not. To test this prediction, we prepared a set of five 



dishes each from 293 cells that were either untransfected 
or transfected with pAPP«*, STOPSlsw, or STOP40sw 
constructs. Two dishes from each set were metabolically 
labeled. The conditioned media of these two dishes were 
pooled, and one-half was immunoprecipitated with R1 280, 
which is directed against AP1-40 (Figure 4C). This precipita- 
tion showed again that Ap and p3 are secreted at levels 
clearly above the endogenous background by wild type- 
and STOPSIsw-transfected cells but not by STOP40sw- 
transfected cells. The untransfected cells showed very 
little material in the APP 9 size range, the wild type-trans- 
fected cells show some APP a , and both the STOP51 sw- and 
STOP40sw-transfected cells have strong bands of similar 
intensity in that size range (Figure 4C). The second half 
of the conditioned media was immunoprecipitated with 
1963, an antibody to AP residues 21-37 beyond the 
a-secretase site that recognizes AP and p3 but cannot 
precipitate APP« ending at the a-secretase site (Figure 1). 
The AP and p3 precipitations from the various transfec- 
tants using antibody 1963 are similar to those obtained 
with R1280, with the p3 band being slightly more pro- 
nounced relative to the AP band (Figure 4C). However, a 
clear difference in immunoprecipitated material in the 
APP 8 range is obtained with 1 963. No material above back- 
ground is precipitated by 1963 from wild type-transfected 
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cells, indicating that they do not release significant 
amounts of uncleaved PAPP from the membrane, as ex- 
pected. In contrast, the STOPS 1 sw-transfected celis 
clearly show some, and the STOP40sw-transfected cells 
show much more uncleaved pAPP that has been released 
intact from the membrane, and can thus be precipitated 
from the medium with 1963. The STOP40sw construct 
releases much higher amounts of uncleaved precursor, 
but produces neither Ap nor p3; the latter, as an endpro- 
duct of the a-secretory pathway (Haass et al., 1993), is 
predicted to arise solely from membrane-associated pAPP 
(Sisodia, 1992). 

If these differences in AP (and p3) secretion from the 
STOP51 sw and STOP40sw molecules are indeed due to 
their different levels of retention in cell membranes, one 
would expect to find full-length STOP51sw and STOP40sw 
molecules in comparable amounts in total cell lysates, but 
only STOPS 1sw molecules in isolated membrane prepara- 
tions. Figure 4D shows total cell lysates from the two meta- 
bolically labeled dishes immunoprecipitated with the 
pAPP midregion antibody, B5. All transfectants show the 
faint endogenous PAPP™ species. In addition, the wild- 
type transf ectant has a major fulMength band representing 
pAPPos that migrates at a slightly lower molecular weight, 
as expected. The pAPP from the STOPS 1 deletion con- 
struct is 48 amino acids shorter than the wild-type mole- 
cule, and that from the STOP40 deletion construct is 59 
amino acids shorter; bands of accordingly lower molecular 
weight were indeed detected in these extracts. This result 
indicates that all constructs produce PAPP molecules of 
the expected size in detectable amounts. 

The remaining three dishes of each transfectant were 
used to prepare isolated carbonate-extracted membranes 
(see Experimental Procedures), which were then electro- 
phoresed on SDS gels and immunobtotted with antibody 
B5 (Figure 4E). In all cases, the N- and N'+O'-glycosylated 
forms of the endogenous PAPP751 were detected. In the 
pAPP** wild-type transfectant, the N'+O'-glycosylated 
band of PAPP (marked by the upper V in Figure 4E) emi- 
grates with the N-glycosylated form of the endogenous 
pAPP 7S i. In addition, the N-glycosylated form of the trans- 
fected pAPPws migrating at a slightly lower molecular 
weight (marked by the lower V) is clearly detectable. Two 
bands of lower molecular weight representing the N'- and 
N'+O'-glycosylated forms of the truncated STOP51 sw mol- 
ecule (marked by dots in Figure 4E) were detected in the 
membranes of STOP51sw cells. In contrast, only ex- 
tremely faint bands, besides the endogenous PAPP751 
background proteins, were detected in the STOP40sw de- 
letion transf ected cells. Together, Figures 4C-4E demon- 
strate that STOP40sw and STOP51 sw are expressed and 
detectable in cell lysates. However, only STOP51sw is 
membrane inserted, and only STOP51sw undergoes the 
p-secretase cleavage necessary for Ap production. 

Differential Substrate Requirements for 
p-Secretase Cleavage of Wild-Type and 
Swedish pAPPew 

The data presented in Figure 4 seem to suggest that the 
whole PAPP C-terminus downstream of amino acid 648 
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Figure 5. Radiosequencing of Peptides Secreted by Cells Transf ected 
with the STOP51 or STOP51sw Constructs 
The 3 H-pheny1alanine-derlved radioactivity obtained at each cycle of 
the Edman chemistry is graphed. 

(A) Production of the 4 kDa peptide with STOP51. The upper line at 
the top of the graph shows the sequence of the predominant species 
starting at Arg-5, and the lower line shows the sequence of starting 
at Asp-1 . 

(B) Production of the 4 kDa peptide with STOP51SW. The sequence 
of the regular Asp-1 species is indicated. 



(the endpoint of the STOP51 deletion) is dispensable for 
the production of Ap. However, it has been shown that a 
deletion of the C-terminus of wild-type PAPPegs down- 
stream from amino acid 653 (AC), including the reinternali- 
zation motif NPTY, decreases the amount of Ap produced 
in 293 cells (Haass et al., 1993), and that deletion of the 
reinternalization sequence YENPTY alone has the same 
effect in CHO cells (Koo and Squazzo, 1994). Further- 
more, whereas the AC mutation lowers the amount of AP 
starting at Asp-1, radiosequencing demonstrates that it 
significantly increases the amounts of Ap-related peptides 
starting at Val(-3) (radioactive Phe at cycles 7, 22, and 23) 
and Arg-5 (radioactive Phe at cycles 15 and 16) relative 
to the amount of the Asp-1 Aptorm in the same cells (Haass 
et al., 1993). Radiosequencing of Ap from STOP51- 
transfected 293 cells confirmed this observation (Figure 
5A). Peptides starting at Arg^5 (radioactive Phe at cycles 
15 and 16) become the predominant AP species. Surpris- 
ingly, this cytoplasmic deletion effect is not observed in 
AP from STOP51sw-transfected 293 cells (Figure 5B). In- 
stead, a homogenous "Asp-1 only" N-terminal cleavage 
pattern is obtained. This pattern is typical for the effects 
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Figure 6. Immunoprecipitations of Condi- 
tioned Media and Celt Extracts from Metabolt- 
cally Labeled Cells Transiently Transfected 
with the Indicated Plasmids 

(A) R1280 immunoprecipitatlon of conditioned 
media from 293 transfectants. 

(B) B5 immunoprecipitatlon of APP, from condi- 
tioned media of 293 transfectants. 

(C) C7 immunoprecipitatlon of Otermlnal 
pAPP fragments from cell extracts of 293 
transfectants. 

(D) R1 280 immunoprecipitatlon of conditioned 
media from SK-N-SH neuroblastoma transfec- 
tants. 

(E) B5 immunoprecipitatlon of APP. of condi- 
tioned media from SK-N-SH neuroblastoma 
cell transfectants. The APP, band resulting 
from transfectlon with these pAPPs* wild-type 
or mutant constructs is marked. The band im- 
mediately above it is the endogenous APP,. 

(F) C7 Immunoprecipitatlon of C-termlnal 0APP 
fragments from cell extracts of SK-N-SH neuro- 
blastoma cell transfectants. 

(G) Radiosequencing of the 1 2 kDa band from 
extracts of SK-N-SH neuroblastoma cells 
transfected with Swedish mutant (JAPP«* and 
precipitated with antibody C7. The s H-phe- 
nylalanine-derived radioactivity obtained at 
each cycle of the Edman chemistry is graphed. 
For the M596V mutation, the amounts of the 1 0 
kDa fragment and p3 seem slightly increased in 
293 celts (C) and strongly increased in SK-N- 
SH cells (F), probably owing to a compensatory 
Increase in a-secretase cleavage when fl-se- 
cretase cleavage is inhibited. 
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of the Swedish mutation in full-length PAPP molecules and 
different from the heterogenous Ap N-terminal cleavages 
of wild-type p AP P (Citron et al . , 1 994). Thus, whereas dele- 
tion of the entire cytoplasmic domain (or the YENPTY rein- 
temalization signal alone) has a clear influence on P-secre- 
tase cleavage of wild-type pAPP, it has little or no effect 
on p-secretase cleavage of Swedish pAPP, consistent with 
the hypothesis that, for the latter molecule, p-secretase 
cleavage principally occurs before ^internalization of the 
precursor. 

The N-Termlnal Cleavage of Ap Is Highly 
Sequence Specific 

Previous experiments with transient and stable transec- 
tions of plasmids carrying the Swedish mutation suggest 
that amino acid substitutions at or near the N-terminal 
cleavage site can have profound effects on the amount 
of Ap being produced in several types of cells (Citron et 
al., 1992; Cai et al., 1993). We therefore analyzed the 
effects of other amino acid substitutions in the region from 
VaK-3) (residue 594 of pAPPs*) to Ala-2 (residue 598) in 



transient transfections. The substitution constructs are ab- 
breviated with the letter of the original amino acid, its posi- 
tion number, and the letter of the substituted amino acid; 
amino acid deletions are indicated by A. As an example 
of this set of experiments, Figure 6 shows all the pAPP 
derivatives obtained from the mutants M596V and D597A 
in both 293 cells and SK-N-SH human neuroblastoma 
cells. Conditioned media of the transfected cells were pre- 
cipitated with the APPtf-reactive antibody B5, and all three 
constructs yielded APP. proteins of the same size and 
in comparable amounts, whether expressed in 293 cells 
(Figure 6B) or SK-N-SH neuroblastoma cells (Figure 6E). 
However, precipitation of the conditioned media with the 
Ap-specific antibody R1280 revealed striking differences 
among the constructs: while all three transfectants pro- 
duced p3, which started at Leu-17 (data not shown) and 
is not observed in untransfected SK-N-SH cells, M596V 
produced no Ap (Figures 6A and 6D). Likewise, D597A 
did not produce the 4 kDa Ap species, but instead a -3.8 
kDa peptide (Figures 6A and 6D) that started at Phe-4 
(radiosequencing data not shown). These results were ob- 
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Figure 7. Antibody R1280 fmmunoprecipita- 
tlons of Conditioned Media from Metaboiicatly 
Labeled 293 Cells Transiently Transfected with 
the Indicated Plasmids 
(A) Mutations at V594 and K595. (B) Mutations 
at M596..(C) Mutations at 0597. The amount 
of Ap in D597K is overestimated because a 
slightly smaller band Is not clearly separable 
for the quantitation. (D) Mutations at A598. An 
untransfected control just expressing the en- 
dogenous PAPP751 Is also shown (lane 0). For 
each panel, the ratio of Af) detected in condi- 
tioned medium to full-length pAPP detected in 
the cell lysate of each transfectant was deter- 
mined by phosphorlmaging and normalized to 
the wild-type ratio, which was set at 1 .0. The 
ratios are shown below each panel. The ratios 
in (C), especially for D597K, may be overesti- 
mated, since shortened AfJ fragments overlap 
the 4 kDa range that was quantitated. 
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tained in both 293 cells (Figure 6A) and SK-N-SH cells 
(Figure 6D) after overnight labeling and were also seen 
after a 2 hr pulse labeling in the 293 ceils (data not shown). 

When cell extracts were precipitated with the C-terminai 
antibody C7, all transfected cells were found to overpro- 
duce membrane-bound, full-length pAPP (data not shown) 
and a 10 kDa C-terminal fragment that remains mem- 
brane-bound after release of APP 8 into the medium (293 
cells, Figure 6C; SK-N-SH ceils, Figure 6F). An additional 
1 2 kDa C-terminal fragment isobserved in SK-N-SH neuro- 
blastoma cells transfected with wild-type PAPPs* (Figure 
6F). This band becomes much more pronounced in Swed- 
ish SK-N-SH transfectants, is barely detectable in the 
M596V transfectants, and is replaced by a shorter —11.5 
kDa band in the D597A transfectant (Rgure 6F). A C-ter- 
minal fragment of similar size has been previously ob- 
served to be increased in M1 7 human neuroblastoma cells 
transfected with pAPP carrying the Swedish mutation and 
was thus hypothesized to be an immediate precursor of 
Ap that has not yet undergone r-secretase cleavage (Cai 
et a!., 1993). Indeed, both the amounts and the size of 
this fragment correlate with the amounts and the size of 
Ap in our various SK-N-SH transfectants (compare Figures 
6D and 6F). Radiosequencing of the Swedish 1 2 kDa pro- 
tein confirms that it indeed starts at Asp-1 (major peak of 
radioactive Phe in cycle 4; Figure 6G). It seems highly 
likely that the substitutions examined primarily influence 
the N-terminal cleavage of Ap and not other pAPP proteo- 
lytic processing pathways, because we did not observe 
any substantial differences in cellular full-length pAPP 



(data not shown) or decreases in total APP 9 (Figures 6B 
and 6E). 

We next set out to test an extensive panel of N-terminal 
substitutions for their effect on Ap production in 293 cells. 
For each substitution, the R1280 immunoprecipttates of 
Ap and p3 are shown in Figure 7. The relative ratios of 
AP to full-length PAPP, determined by phosphorimaging 
and set as 1 .0 for the wild type in each panel, are indicated 
(Figure 7). All of the substitution mutants produced full- 
length PAPP and APP, (data not shown). Likewise, p3 was 
secreted by ail of the mutants analyzed, although in vary- 
ing amounts. In contrast, AP production was markedly af- 
fected by most substitutions. Changes at V594 strongly 
decreased Ap production, whereas no clear effect was 
observed for two substitutions for K595. Several substitu- 
tions at the p1 position M596 were analyzed. The pre- 
viously described M596L substitution of the Swedish mu- 
tation (Citron et al. , 1 992) led to an increase in Ap. Of all the 
other substitutions, only the hydrophobic, bulky residues F 
and Y did not lead to a strong decrease in Ap (Figure 78). 
The Ap 4 kDa species was virtually eliminated by alt the 
D597 substitutions. Only D597E still showed the original 
Ap band (Figure 7C). However, in all these D597 substitu- 
tions, intermediate bands of - 3.8 kDa appeared that were 
not observed from wild-type constructs (Figure 7C), as 
shown above for D597A (Figure 6D). Substitutions of A598 
also had a marked inhibitory effect on Ap production (Fig- 
ure 7D). In summary, almost all of the single amino acid 
substitutions at and immediately around the N-terminal 
cleavage site markedly decreased AP production. 
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Discussion 

In this work, we have used human 293 cells to establish 
the substrate requirements of proteases that cleave pAPP 
at the N-termlnus of Ap. We show that three PAPP mutants 
producing strong, but distinct, effects on Ap production 
in this cellular system give essentially Identical results in 
human SK-N-SH neuroblastoma cells. These data sug- 
gest that mutations around the Met-Asp cleavage site may 
lead to similar changes in Ap production in other neural 
and nonneural cell types. Our findings demonstrate that 
the region defined by residues 590-600 (PAPPe» number- 
ing) is sufficient for recognition and efficient cleavage of 
the precursor by the Ap N-terminal protease(s). When the 
cleavage site is moved 5 amino acids closer to the mem- 
brane, there is no effect on cleavage, as demonstrated by 
N-terminal sequencing of the product. This result suggests 
that the protease(s), designated p-secretase(s), recog- 
nizes the primary structure around the cleavage site inde- 
pendently of its distance from the membrane, a property 
which is the opposite of that postulated for a-secretase 
(Sisodia, 1 992). The fact that p-secretases do not require a 
fixed distance to the membrane in order to cleave suggests 
that the proteases themselves are not membrane an- 
chored. However, they can only act on membrane-bound 
PAPP molecules in intact ceils, because otherwise the 
STOP40 and STOP40sw forms of PAPP would give rise 
to Ap, as do the STOP51 and STOP51sw constructs, 
which also lack the cytoplasmic domain but contain most 
of the transmembrane domain. The fact that only mem- 
brane-bound PAPP is N-terminally cleaved in vivo implies 
that AP is very unlikely to be produced extraceiluiarty from 
larger secreted N- or C-terminal fragments of fulMength 
PAPP, at least not by the same proteases that produce 
Ap in intact ceils. 

Two lines of indirect evidence suggest that more than 
one protease can generate the N-terminus of Ap: first, the 
wild-type pAPP molecule can be processed into Ap-related 
peptides starting at different positions in a cell type-de- 
pendent manner; second, the N-terminal sequence heter- 
ogeneity of AP peptides produced in 293 cells suggests 
the action of more than one enzyme, particularly in view 
of our finding here that the Met-Asp cleaving enzyme is 
highly sequence specific. The results of substitutions at 
the p1 position, in which only the large hydrophobic resi- 
dues Met, Leu, Phe, and Tyr allowed cleavage, are consis- 
tent with the primary cleavage at Asp-1 being produced 
by a chymotryptic-like proteinase. Based on our Ap se- 
quencing data, this enzyme would be the only one capable 
of creating the AP N-terminus in fibroblasts, would be the 
predominant enzyme in 293 cells, and would be virtually 
absent from the normal Ap production pathway in Madin- 
Darby canine kidney cells (in which Ap begins primarily at 
Arg-5). PAPP substrates with mutations around the regular 
N-terminal cleavage site could then be recognized by other 
proteases with different specificities. This would explain 
the 3.8 kDa peptides that arise after virtually any substi- 
tution at D597. The situation is complicated further by 
the fact that not all enzymes capable of cleaving the 
N-terminus of Ap need necessarily be located in the same 



subcellular compartment. It has recently been demon- 
strated that one site of Ap generation Is within an early 
endosome following ^internalization of PAPP from the cell 
surface (Koo and Squazzo, 1994). However, pAPP mole- 
cules such as STOP51 , in which the ^internalization sig- 
nal is deleted, still produce Ap, albeit in reduced amounts 
and with increased levels of Ap-related peptides starting 
at positions other than Asp-1 . 

Most of the single amino acid substitutions we tested 
substantially decreased or eliminated AP production. We 
believe this result is due to reduced cleavage at the Ap 
N-terminus rather than to decreased stability of the peptide 
or destruction of an epitope essential for the immunopre- 
cipitation, because substitutions at V594 and M596 in front 
of the cleavage site would not influence antibody recogni- 
tion or stability of a peptide starting at D597. Furthermore, 
the loss of the 4 kDa peptide in D597A was also observed 
in a short-pulse experiment, arguing against Ap destabili- 
zation by substitution as a cause for its reduction in the 
D597 mutants. The fact that R1 280 precipitates p3 shows 
that it does not recognize solely epitopes at the N-terminus 
of Ap. This makes it unlikely that single amino acid substi- 
tutions at the AP N-terminus would completely block 
R 1 280 binding and thereby account for the disappearance 
of the 4 kDa band. 

Our data underscore the previous conclusion that p3 
arises from a different processing pathway than Ap (Haass 
et ah, 1 993). The fact that only the Swedish mutation, with 
its M596L substitution, clearly increases AP production is 
consistent with the assumption that the Leu-Asp bond is 
a much better substrate than the wild-type Met-Asp bond 
for an Asp-1 cutting protease that cleaves PAPP during its 
transport to the cell surface. This cleavage would happen 
prior to the reintemalizatlon that appears to be necessary 
for the principal Asp-1 cleavage event in the wild-type sub- 
strate. Such a model would explain why the cleavage pat- 
tern of Swedish pAPP is not affected by C-terminal trunca- 
tions like STOP51sw that delete the internalization 
signals. Because none of the other mutants we examined 
besides M596L led to such a strong increase in AP produc- 
tion, we speculate that any other polymorphisms around 
the cleavage site would also be phenotypically silent, mak- 
ing it unlikely that additional FAD mutations which cause 
increased AP production will be mapped to the N-terminus 
of Ap. 

The present investigation describes several properties 
of the p-secretase enzymes that produce Ap In living hu- 
man cells and also allows two general conclusions about 
the C-terminal Y-secretase cleavage. First, the correlation 
of the amount of the 12 kDa C-terminal PAPP fragment 
starting at Asp-1 with the amount of Ap, and the correlation 
of the amount of the respective 11.5 kDa fragment pro- 
duced by D597A with the amount of the shortened AP-type 
peptide starting at Phe-4 in SK-N-SH cells, confirm the 
previous suggestion of Cai et al. (1993) that the 12 kDa 
fragment can serve as the immediate precursor of Ap and 
indicate that p-secretase cleavage occurs before y-secre- 
tase cleavage. The 12 kDa molecule has not been ob- 
served, however, in transfected 293 cells (Figure 6C) (Cit- 
ron et al., 1 992) or in primary skin fibroblasts from patients 
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carrying the Swedish FAD mutation (Citron et a!., 1994), 
suggesting that there are cell type differences in the rate 
at which the 12 kDa molecule undergoes y-secretase 
cleavage. Second, because A0 is still produced from con- 
structs like STOP51sw, y-secretase does not require the 
cytoplasmic domain of PAPP to recognize and cleave the 
C-terminus of Ap. 

Finally, our description of the substrate specificity of 
the protease has important practical consequences. For 
example, our data suggest that PAPP recombinant deriva- 
tives or synthetic peptides used to identify and character- 
ize this protease must at least include Val-594 to Ala-598. 
Furthermore, one can now design control substrates with 
substitutions like M596V, which should not be cleaved well 
by the candidate protease. However, as we have shown 
here, only membrane-bound pAPP undergoes N-terminai 
cleavage in vivo. If this need for membrane anchoring re- 
flects a requirement of the protease rather than a require- 
ment for substrate compartmentalization and targeting, 
then PAPP derivatives and synthetic peptides that are not 
membrane bound should not be recognized by the prote- 
ase for which they are designed. Therefore, the use of 
synthetic peptides or recombinant fragments in solution 
to screen for p-secretase might well lead to the isolation 
of irrelevant enzymes. These various considerations em- 
phasize the importance of acquiring in vivo data in intact 
human cells when searching for physiologically relevant 
proteases. 

Experimental Procedures 

Transection, Metabolic Labeling, Preparation of 
Total Cell Lysates, I mmu no precipitation, and 
Protein Radlosequencing 

Details of these methods have been described previously (Haass et 
al., 1992b). Briefly, subconfluent 10 cm dishes of human embryonic 
kidney 293 cells or SK-N-SH human neuroblastoma cells were tran- 
siently transfected with 20 of superceded plasmld ONA using Lipo- 
fectin (QIBCO/BRL) as described by the manufacturer. About 48 hr 
after transfection , cells were metabolically labeled with [*$]methionine 
overnight. Immunoprecipltations were performed as described (Haass 
et al., 1992b). Immunopreclpitated APP, was separated on a 10% 
SDS-polyacrylamide gel, whereas precipitates of Ap and p3 from me- 
dia and precipitates of cell extracts were separated on 1 0%-20% Tris- 
Trlclne gels. Autofluorography was carried out as described (Haass et 
al.. 1992b). Bands were quantltated by phosphorimaging. Radioactive 
sequencing of the 4 kDa (AP) and 3 kDa (p3) peptides was performed 
after R1280 immunoprecipitation of transiently transfected cells meta- 
bolically labeled with L-[2,3,4,5,6- 3 H]phenylalanlne as described 
(Haass etal., 1992b). 

Antibodies Used for Immunoprecipitation 

The polyclonal antibody C7 (Podlisny et al., 1991) is directed against 
the last 20 amino acids of the cytoplasmic tail of pAPP. This antibody 
immunoprecipitates N'- and N'+O'-glycosylated full-length pAPP and 
the 10 kDa fragment. The affinity-purified polyclonal antibody B5 (Ol- 
tersdorf et aJ., 1 990) was raised to a recombinantry expressed protein 
of {5APp4*4-ea2 and immunoprecipitates APP. and N'- and N'+O'- 
glycosylated full-length pAPP. The polyclonal antibody R1280 (Ta- 
maoka et al., 1 992} was raised to synthetic Ap,^,. This antibody immu- 
noprecipitates Ap, p3, and small, variable amounts of APP. from media 
of tissue culture cells (Haass et al., 1992b). The polyclonal antibody 
1963 (Haass et al., 1992b) was raised to synthetic Ap^r. 

Plaamld Constructions 

Ail constructs used in this paper are derivatives of pCM V695, a plasmid 
carrying pAPPe* cDNA under control of the CMV promoter (Selkoe 



et al., 1988). Constructs containing single amino acid substitutions 
were designed by replacing the 26 bp Bglll-EcoRI fragment of pAPPw 
with annealed oligonucleotides in which codon 594, 595, 596, 597, or 
598 was changed to encode the mutant amino acid: QTQ was changed 
to TOG in V594W and deleted in V594A; AAG was changed to AAT 
in K595N and to GAG in K595E; ATG was deleted in M596A and 
changed to CTG in M596L, to TAT in M596Y, to GTG In M596V, to 
GCC in M596A, to AAG in M596K, to GAG in M596E , to ATC in M596I, 
and to TTC in M596F; GAT was deleted in D597A and changed to 
AAA in D597K, to GGA in D597G, to ATC in D597I, to AAC in D597N, 
and to GAA in D597E; GCA was deleted in A598A and changed to 
GAG in A598E and to AAG In A598K. The plasmfds XB and XBsw 
were engineered by deleting the Xhol-Bglll fragment from pCMV695 
and pCMV695 KM-NL (Citron et al., 1992), respectively, and replacing 
it with the annealed oligonucleotides TCGAGACACCTGGGGA and 
GATCTCCCCAGGTGTC. The plasmlds A5-9, A9-12, Stop40, and 
Stops 1 were generated by site-directed mutagenesis (Kunkel, 1985) 
of PAPPms cDNA using the oligonucleotides: CCAATTTTTQATQAT- 
GAACTTC AT AG AATTCGTAATCATGGTCAT, GAACACCAATTTTT- 
GATGTGAGTC ATGTCGGAATTC G TAATC , GATCACTGTCGCTTA- 
GACAACACCGCC, and CTGTTTCTTCTTCTAGATAACCAAGGTGA- 
TGAC. respectively. The constructs STOP51sw and STOP40sw were 
engineered by replacing the wild-type EcoRI-Spel fragment of the 
Swedish mutant construct pAPPws KM-NL (Citron et al., 1992) with 
the EcoRI-Spel fragment from STOP51 and STOP40, respectively. 
Except for XB, all mutations were verified by DNA sequencing. 

Preparation of Isolated Membranes 

A postnuclear supernatant was prepared as described previously 
(Haass et al., 1992a) and pelleted to remove cytoplasmic proteins by 
a high speed spin for 1 hr at 60,000 ram (233,000 g) at 4°C in a 
Beckman 55T1 rotor. Isolated membranes were carbonate extracted 
as described (Fujiki et al., 1982). The homogenate was pelleted as 
described above. For each sample, 15 pg of total protein were loaded 
on a 10% SDS-polyacrylamide gel. Transfer and immunobiottlng were 
performed as described (Haass et al., 1992a). 
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Part I 

MOLECULAR DESIGN OF LIFE 



Figure 2-8 

Amino acids having aliphatic side 
chains. 
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Let us look at this repertoire of amino acids. The simplest one is 
glycine, which has just a hydrogen atom as its side chain (Figure 2-8). 
Alanine comes next, with a methyl group as its side chain. Larger hydro- 
carbon side chains (three and four carbons long) are found in valine, 
leucine, and isoleucine. These larger aliphatic side chains are hydrophobic— 
that is, they have an aversion to water and like to cluster. As will be 
discussed later, the three-dimensional structure of water-soluble pro- 
teins is stabilized by the coming together of hydrophobic side chains to 
avoid contact with water. The different sizes and shapes of these hydro- 
carbon side chains (Figure 2-9) enable them to pack together to form 
compact structures with few holes. 



Figure 2-9 

Models of aliphatic 
amino acids 
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Figure 2-10 

Proline differs from the other com- 
mon amino acids in having a second- 
ary amino group. 



Proline also has an aliphatic side chain but it differs from other mem- 
bers of the set of twenty in that its side chain is bonded to both the 
nitrogen and a-carbon atoms. The resulting cyclic structure (Figure 
2-10) markedly influences protein architecture. Proline, often found in 
the bends of folded protein chains, is not averse to being exposed to 
water. Note that proline contains a secondary rather than a primary 
amino group, which makes it an imino acid. 

Three amino acids with aromatic side chains are part of the fundamen- 
tal repertoire (Figure 2-11). Phenylalanine, as its name indicates, con- 
tains a phenyl ring attached to a methylene (— CH 2 — ) group. Trypto- 
phan has an indole ring joined to a methylene group; this side chain 
contains a nitrogen atom in addition to carbon and hydrogen atoms. 
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Figure 2-11 

Phenylalanine, tyrosine, 
and tryptophan have 
aromatic side chains. 
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Trp 



Figure 2-12 

Models of the aromatic amino acids. 



Phenylalanine and tryptophan are highly hydrophobic. The aromatic 
ring of tyrosine contains a hydroxyl group, which makes tyrosine less 
hydrophobic than phenylalanine. Moreover, this hydroxyl group is re- 
active, in contrast with the rather inert side chains of all the other amino 
acids discussed thus far. The aromatic rings of phenylalanine, trypto- 
phan, and tyrosine contain delocalized pi-electron clouds that enable 
them to interact with other pi-systems and to transfer electrons. 

A sulfur atom is present in the side chains of two amino acids (Figure 
2-13). Cysteine contains a sulfhydryl group (— SH) and methionine con- 
tains a sulfur atom in a thioether linkage ( — S—-CH 3 ). Both of these 
sulfur-containing side chains are hydrophobic.. The sulfhydryl group of 
cysteine is' highly reactive. As will be discussed shortly, cysteine plays a 
special role in shaping some proteins by forming disulfide links. 
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Figure 2-13 

Cysteine and methionine have 
sulfur-containing side chains. 



Figure 2-14 

Models of cysteine and methionine. 



Two amino acids, serine and threonine, contain aliphatic hydroxyl groups 
(Figure 2-15). Serine can be thought of as a, hydroxylated version of 
alanine, and threonine as a hydroxylated version of valine. The hy- 
droxyl groups on serine and threonine make them much more hydro- 
philic (water-loving) and reactive than alanine and valine. Threonine, 
like, isoleucine, contains two centers of asymmetry. All other amino 
acids in the basic set of twenty, except for glycine, contain a single asym- 
metric center (the a-carbon atom). Glycine is unique in being optically 
inactive. 

We turn now to amino acids with very polar side chains, which render 
them , highly hydrophilic. Lysine and arginine are positively charged at neu- 
tral pH. Histidine can be uncharged or positively charged, depending 
on its local environment. Indeed, histidine is often found in the active 
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Figure 2-15 

Serine and threonine have aliphatic 
hydroxyl side chains. 
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Figure 2-17 

Model of arginine. The planar outer 
part of the side chain, consisting of 
three nitrogens bonded to a carbon 
atom, is called a guanidinium group. 
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Figure 2-16 

Lysine, arginine, and histidine have basic side chains. 



sites of enzymes, where its imidazole ring can readily switch between 
these states to catalyze the making and breaking of bonds. These basic 
amino acids are depicted in Figure 2-16. The side chains of arginine and 
lysine are the longest ones in the set of twenty. 

The repertoire of amino acids also contains two with acidic side chains, 
aspartic acid and glutamic acid. These amino acids are usually called as- 
partate and glutamate to emphasize that their side chains are nearly al- 
ways negatively charged at physiological pH (Figure 2-18). Uncharged 
derivatives of glutamate and aspartate are glutamine and asparagine, 
which contain a terminal amide group in place of a carboxylate. 
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Figure 2-18 

Acidic amino acids (aspartate and glutamate) and their amide derivatives (aspar- 
agine and glutamine). 



Glu Seven of the twenty amino acids have readily ionizable side chains. 

Figure 2-19 Equilibria and typical p# a values for ionization of the side chains of 

Model of glutamate. arginine, lysine, histidine, aspartic and glutamic acids, cysteine, and ty- 

rosine in proteins are given in Table 2-1. Two other groups in proteins, 
the terminal a-amino group and the terminal a-carboxyl group, can be 
ionized. 

Amino acids are often designated by either a three-letter abbrevia- 
tion or a one-letter symbol to facilitate concise communication (Table 
2-2). The abbreviations for amino acids are the first three letters of 
their names, except for tryptophan (Trp), asparagine (Asn), glutamine 
(Gin), and isoleucine (He). The symbols for the small amino acids are 
the first letters of their names (e.g., G for glycine and L for leucine); the 
other symbols have been agreed upon by convention. These abbrevia- 
tions and symbols are an integral part of the vocabulary of biochemists. 
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Table 2-1 v ^ 

pK values of ionizable groups in proteins 



Group 



Terminal carboxyi 

Aspartic and 
glutamic acid : 



Histidine 



Acid 



base + H + 



-^CpOH ^==±if-COQ- ( f H+ 
— COOH [#=± —COOr • + H + 



— CH 



2 . | , , j . r . — CH 2 — p 



Typical pK* 



NH 



. 3.1 

4.4 

' 6.5 
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Terminal amino 
Cysteine 

Tyrosine 

Lysine 

Arginine 




— NH 3 + •■^==± ? — NH 2 '+ H+ 



-N— c^; ' ^=± ; -n-c ; ■ + h+ 



NH 



*/ NH 2 



NHi 



8.0 
8.5 

10.0 
10.0 



1 2.0 



*p/C values depend on temperature,, ionic strength, and the microenvironment of the 
ionizable group. ' 



Table 2-2 

Abbreviations for amino acids 



Amino acid 


Three-letter 
abbreviation 


One-letter 
symbol 


Alanine 


Ala 


A 


Arginine 


Arg 


R 


Asparagine 


Asn 


N 


Aspartic acid 


Asp 


D 


Asparagine or aspartic acid 


Asx 


B 


Cysteine 


Cys 


C 


Glutamine 


Gin 


Q 


Glutamic acid 


Glu 


E 


Glutamine or glutamic acid 


Glx 


Z 


Glycine 


Gly 


G 


Histidine ?. 


His 


H 


Isoleucine 


lie 


I 


Leucine 


Leu 


L 


Lysine 


Lys 


K 


Methionine 


Met 


M 


Phenylalanine 


Phe 


i 

F 


Proline 


Pro 


p 


Serine 


Ser 


S 


Threonine 


Thr 




Tryptophan 


Trp 


w 


Tyrosine 


Tyr 


Y 


Valine 


Val 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

\ For Alzheimer's Disease Secretasc, APP 
Applicants: Gumeyctal. ) J^^ s ^ Us e S Tber^of 

Exzmiaer. S. Turner ) 

Group: 1647 ) 

DECLARATION OF MICHAEL BIESKOWSKl f P">. 
PURSUANT TO 37 CT.R. § 1.132 

Co=jnissioner far Patents 
V/iihington,DC 20231 

Sir. 

I, Michael Jerome Bienkowski. PhD., hereby declare as follows: 



I. Introduction 

I. lama co-inventor of Asp2 subject matter claimed in various pitent 
^caioas Eled by Phannaeia & Upjohn. I make fiiis declaration to provide information to 
^Patent Office thai may be relevant to patent issues relating to enzymatically active, 
- tr^smbraae-deleted" forms (ATM) of the Asp2 protein and polynucleotides which 
encode such protein. When I refer to «I" or *W in this declarauon, I mean me and/or my co- 
svcr.tors and/or people working under our direcaon at Pharmacia & Upjohn. 



2. The term "Asp2" is the name thai we gave to aspartyi protease 
polynucleotides and polypeptides that we isolated and described in the patent applications. 
At least two human aad oae murine form of A,p2 are taught in the patent applications. 
TLrough experiments described in the patent applications we demonstrated that Asp2 exhibits 
pastolyte activity towards amyloid precursor protein (APP) involved in processing APP i«o 
styloid be* (Ap), a peptide implicated in Alzheimer's Disease pathology. 

~ Cloning of Asp2 and Identifying the Aspl transmembrane domain 

3. My co-inventors ar.d I performed and/or directed experiments which 
resulted in the identification and cloning of human Asp2 cDNAs. Our earliest experiments 
c:d not immediately yield full-length Asp2 cDNAs. We first obtained and sequenced two 



1 



•or* 



par^ai clones icnoxec as clone 43S6993 (hereinafter 4 438) and clone 269629S (hereinafter 
*2S3). As explained in cur patent applications, Qoi.c '438 contains additional codons 
sequence a its 5' end relive to clone 4 269, but Clone '269 contains 25 additional codons (75 
basepairs) as internal insertion relative to Gone '438. (These 25 codons represent the 
di~eracc between the long ™* short fonss of full l^g± human Asp2 in Figures 2 and 3 of 
the patent applications.) 

4. After we sequenced the '438 a-ad '269 clones we aligned the sequences 
iih sequencss of other aspartyl proteases as part of our analysis of them. From these 
i-ments and other analysis we deduced that these sequences were incomplete cDNA 

scenes that were truncated at the 5' end (the arr±;o-Terminus of the encoded polypeptide), 
C^uter-aided analysis cf the predicted amino acid sequences indicated that the predicted 
i^ino acid sequence encoded by both '438 and '269 contained the DTG/DSG sequences 
indicative of the aspartyl protease active site, and weie complete to the carboxyl-tenninus of 
the encoded polypeptide, 

5. By analyzing the partial Asp2 sequence from the '438 and *269 clones 
described in paragraph 3, we deduced that Asp2 contained a transmembrane domain. Our 
U.S. Provisional Application No. 60/101,594, filed September 24, 1998, describes the 
analysis as follows: 

Routine computer-aided analysis of the predicted amino 
acid sequence of Hu-Asp2a and Hu«Asp2(b) for secondary 
structure motifs resulted in detection of a predicted 
transmembrane domain in each polypeptide, which corresponds 
to Hu-Asp2(a) amino acid residues 367-392 of SEQ ID NO: 4, 
and of the sequence given in Figure 2, and to Hu-Asp 2(b) 
amino acid residues 392-417 of SEQ ID NO: 6, and of the 
sequence given in Figure 3. 

(See U.S. Provisional Application No.60/10 1,594 at p. 20.) 
As I explain in greater detail below, the stated location of the tran sme m b rane sequences 
(367-392) and (392-417), through an inadvertent error, do not correspond to the 
transmembrane regions cf the full length human As?2(a) and Asp2(b) proteins shown in the 
Figures, and standing alone, ihese numbers would no: serve as a basis for identifying the 
transmembrane region of the human Asp2 sequences. However, our routine computer-aided 
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_ , y . ;s &df fcct, pssit us to identify fcfi Asp2 transmembrane region, and a molecular 
bicio^st of ordinary ability wbo read the ^plication and (through the guidance of the 
—iicaticn) performed his/her own routine computer-aided analysis would have identified the 
cciract location of the transmembrane region in our As?2 sequences. 

6. Through our continued research we ultimately cloned additional 5' 
(i^ino tenuis*!) cDN A sequence for the two human Asp2 enzyme iaofotms. As reported In 
our -.tent applications, the longer lull length human Asp2 cDNA has 501 codons. 1 (Figure 3 
of sic patent applications.) As correcdy reported in our 1999 patent applications, the 
Kssacrnbwa* domain of this Asp2 clone spans approximately residues 455 to 477 of the 
rull Isngm Asp2 sequence. 

7. Looking back. 1 believe that As inadvertent error in me 60/155.493 
application occurred because our research team had performed some of ihe routine computer- 
Jced analysis onapartial Asp2 sequence from the '438 done, and reported the data from this 
siaiysis for the full length Asp2 done in the patent application. The analysis of the partial 
sequence from the '438 clone indicated that the transmembrane domain corresponded 
approximately to residues 367-392 of the partial sequence. (See Exhibit A hereto, which is a 
computer-assisted analysis of Asp2 (clone 4 438) sequence for possible transmembrane 
domains, performed prior to September 24. 1998, which indicates a likely TM region at about 
3,57-392 of the sequenced analyzed.) I believe that the numbers from this analysis of the '438 
pzKlcl sequence were reported in the 60/155.493 application forme/*// length short form 
(Figure 2) of human As?2. s Since me patent application reported the full length Asp2 
Minces, the numbers that were generated using the '438 done partial sequence should 
have been adjusted upward for the patent application, to account for the extra codons at the 
beginning of the full length clone that were missing from the '438 clone partial sequence 



An Asp2 splice variant described in cur patent application has 476 codons by 
virtue of the internal deletion of 25 codons described above in paragraph 3. (ttgure ^ ofUe 
StS applications.) As reported correctly our 1999 P^t ^ppbeauons the transmembrane 
domain of this sequence corresponds approxanatcly to residues 430-152. 

2 An upward adjustment of these numbers (by 25 codons) was used for the long 
form of Asp2 (Figure 3). 



fiiihcei But, trough iaadveiteat error when prcparmg the patent application, this 
adjusmcent was not nude. 

8. In my opinion, tiais error wouli have been apparent to an average 
» the field who evaluated the application, as would the proper common of the 
eircr. In particular, it is commonly understood by molecular biologists that a transmembrane 
g- Tl ^ characterized cy a stretch of ahem 20-25 mostly hydrophobic ammo acica. When a 
tiexgist read me application's teaching that As?2 had a transmembrane domain near me 
CKi cay-tH=i=uS ate men examined «hc sequence to look for that transmembrane domain, it 
would have been readily apparent that the transmembrane domain was at about residues 455- 
(cf figure 3), andnotiesidacs 392-417. 



EL I~vcnt*n-rcU.ted activity for M?2 ATM polynucleotides and polypeptides. 

9. The attorneys for Pharmacia £ Upjohn have asked me to aumenticate 
asa i-^cuss cert^ia documents relating to our Asp2 invention. 

1 0. Exhibit B hereto comprises excerpts from our U.S. Provisional 
Application No. 60/101,594. These excerpts establish that, on or before our filing date of 
Member 24. 1998. we bad possession of two human Asp2 eOKA and deduced Asp2 ammo 
JL sequences (Figures 2 and 3) and determined various Asp2 structural features, including 
the presence cf a transmembrane domain. It shows &a we contemplated vectors and host 
carl for recombinant production of Asp2 polypeptides and enzymaticaUy active polypeptide 
fragments (see. e.g., pp. 4, 5, and 9). and that we contemplated Asp2 antibodies (see. e.g.. pp. 
4, 12.) It shows mat we contemplated expression cf Asp2 in a variety of expression systemi, 
mcl-dmsprokar/otes such as E. coli (pp. 9 and \V„ yeasts such as S. cerevisiae (pp. 9, 1 1), 
c^i iigbcr euksryotes such as insect cell systems &zi mammalian systems, including COS 
ccUs, CHO cells, and human cells (see, eg., pp. 9, 1 1-12). 

i 1 . Exhibit C hereto is a copy of a page from a Pharmacia & Upjohn 
imcrofSce memo from prior to our September 24, 1998, filing date, containing a report on die 
Human Asp2 project. Among other things, this except shows that, prior to September 24, 



4 



15* we Lad ***** *e Asp2 o?cr. readmg to (CRF) from the "43* and "269 clones 
to remove the transmembrane domains, sad that we Lad inserted these ATM contacts into 
tz 5- coli egression vector pQE30. 

12. Exhibit D hereto are copies cf pages from a Pharmacia & Upjohn 
^aayjdtak These pages establish that, prior to December 31. 1998, we Lad made a 

^ 2 ATM consruct CGntsming ^ SNA soquwee coding fox human As?2 amino 
Midi M54 Ooag fosn shown in Figure 3 of patent applications) in a baculovirus expression 
vT^L- pVL i353 (an AS? 2 ATM pVL 1293) for exjresaion a SF9 insect cell*. This 
constr-it was sent for sequencing and the sequence was confirmed. Exhibit E hereto =re 
caries of ?ag« from a Ptwmocia & Upjohn Ubeatccy notebook. These pages establish that 
iflr Decembei 31, 1998, we had made similar conducts with 6-histidine tags to facilitate 
proscin p-jxiScation. 

13. Exhibit F hereto are copies of pages from Pharmacia & Upjohn 
tofcciaoy notebooks which show that, prior to March 26, 1999, we had expressed human 

ATM protein (without 6 secretase enzyme activity) in E. Coli to make antibodies for use 



;ting of recombinant expression of human Asp2 ATM in other cell types. 



14. Exhibit G hereto are copies o; pages from a Pbaimacia & Upjohn 
iiooratory notebook which show that, prior to March 26, 1999, we had made, isolated, and 
so^ed-up preparations of viral plaques for production of a human Asp2 ATM construct in 
£?y insect cells. 

15. Exhibit K hereto contains copies of pages from a Pharmacia & Upjohn 
Moratory notebook which show that, after December 31, 1998, and prior to June 15, 1999, 
aid prior to September 23, 1999, the scale-up results from SF9 were analyzed. Exhibit 1 are 
copiea of a Pharmacia and Upjohn laboratory noteuock showing a gel depicting me results of 
tuh analysis. A clean band of human As?2 Am expressed protein was identified by 
Wescem blot as Shown in the notebook. This band is believed to contain active human ATM 
Aip2 1-454 protein expressed in the SF9 system. 
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1 6. Ei-jtit J ore copies or pages ttom a Pharmacia & Upjohn laboiMiy 
no-book showizg that, after March 26/1999, buipr.or to September 23, 1999, we excised 
the i-*54 Asp2 ATM coding segment from die pVL 1393 vector described above, inserted it 
into PIZ vector, and expressed this Asp2 ATM construct in Hi#t Five Cells. We tested this 
rer > T7? hif«r.t ii^mail Asp2 ATM protein and showed that it retained human Asp2 enzymatic 
acrivity. This work is also generally descried in the patent applications that we fibd on 
Sg-jgacs 23, 1999, including PCT/US99/20S81, U.S. Provisional Application No. 
60/155,493, and U.S. Application Serial No. 09/404,133. 

17. As shown in part by the representative documents referred to in the 
-rcaadmg paragraphs, during the period prior to September 24, 1998, until September 23, 
1955, we were engaged in substantially continuous activity to make enzymatically active 
u—-- Asp: prciein lacking a transmembrane domain, using materials and methods that we 
hid sontemplaud in our September 24, 1998, patent application and/or had produced by that 
Sejtaaber 24, 1998 filing date. 

IV. CertifLcntion 

1 8. 1 hereby declare that all statements made herein of my own knowledge 
an: s« and that all statements made on infonnaticn and belief are believed to be true; and 
furier that these statements were made with the knowledge that willful false statements and 
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 
1 S of the United States Code and that such willful false statements may jeopardize the 
validity of the application or any patent issued thereon. 



Date: November 30, 2CC1 

Michael 



ichael Jerome Bkbkowski, PLD. 
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Exhibit A 
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Figure 3 Alignment of Prosite Aspartyl protease consensus sequence with active site motifs 
in Hu_Asp-2 



[LXVMFGAC] - [LIVMTADN] - [LIVFGA] -D- [ST] -G- [STAV] - [STAPDENQ] -X- 
[LIVMFSTNC] -X- [LIVMFGTA] 



N-Terminal motif: ILVDTGSSNFAV 



[LIVMFGAC] - [LIVMTADN] - [LIVFSA] -D- [ST] -G- [ STAV] - [STAPDENQ] -X- 
[LIVMFSTNC] -X- [LIVMFGTA] 



C-Terminal motif: 



S IVD SGTTNLRL 



Figure 4 
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Exhibit B 



. . ,h* nucleic acid molecules comprise a polynucleotide 

ten ID NOl encodim Hu-Aspl. iea*» f*" 1325 01 5tu 1 

SE Q ID NO.1. e I ^ to ^ ^ 

^ „, ^ ^ compristog . p„U* 

, *. tarn, provte . «*■*- ^ 

• K« rt cells into which such vectors have been introduced, and 

°* ° bos. cd »d boMn, d. «■««> poljpepti*. 

1 n foments thereof. In a preferred embodiment, tUe hu- 

A* n ->n>\ ooNoeotides, as well as fragments tnenau. v 

Asp2(b) polypepuoes. ides tove ^ amino acid sequence grven m 

lm1 Hn-Aso2(a).-and Hu-Asp2(o) porypepuuw 

Asol. Hu ASD2W. jiuh respectivery. Isolated antibodies, both 

SEQ ID NO-,. SEQ »™*rZ^Z7*W - 
polyclonal and monoclonal, that bind specifically 7 

The mvemioo also provide* > njtuwd lor u» 

» *U*vof.o, OIHU-MP-I. * Hu-Asp2(b). 

The nredicted transmembrane domain of 
30 addsequence(SEQIDNO:6)ofhumanAsp2(b). Thepreacteo 

after addition of the di-Lys motif using "patch" PCR- 
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TOprese.r.ovc.uontocnl.esa ^^^a 
„* - - i ^— « ^ „ „ shoft ^ ore* OTO. 

* clM veo for » W- ^.30 in *. «<» 

cleevue o( 4. N-tennmal p.0.0 ( „ 

tt,,^ tat-*.*-*-"-*--* -- 

• — ••* - T a r; its-.— 

- Hu-Asp2(a) - M*» 
- — * inpaecreas and prostate tissues, while Hu- 

, ^ ^^^^^^ 

» *— b0m0 ' 0O ' o ^ a catbcpsir E, and renin. T3»~ W X 

pepsinogen A, pepse» S e» B. c«*P cbmciHted ^ fc 

CB. ia /.vest 52:<SuppL 210 5-22 (1992)). 

^e. „, . dopKaKd OTM*» nsoof. Tne Ho Asp 



• Trantb different &0» • ««« Hu^p P 0 » 

weigh! and *osyWi«» P"' tra - Ex P rcsslM P 

™ »— — T iTceu transformed with such vectors. Any of the 
M of » invention, es wen » host «* ~* ^ ^ 

^ucKorKe utoiecu* o, the — ^ ^ ^.^ ^ 

„. tov enuon *o ^^.^.^ru^ 

include DNA encoding any of the Hu Asp po m ^ „ Aose derived 

, ^-^^T^ ^n nnd t^uo* Nucleotide . 

aquences are operably hotel woe » ^ ^ > ^ ^ 

^ Hu-Asp. ThWi • ^"^Z Lct^n of the Hu-Asp 
DNA sequence if the promoter oueleoude sequence 

a sequence. of ^dewide molecules 

^ of suhaMe vea.* . * —» „ fflo( roune fcpend upon 

enc.^Hn.Asp.o.forUte^f^J-^ ^ - 

■•.«-"-*' te '-.^^l d . su^hosrceBsf-exp^nof 
&on which the Hu-Asp pomade » to be e^res* „ whjch 



j, discussed below. ^, „ te in such hos. cens n^ * he teio. 

proteins which include regions from heterologous P 
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IS 



e^pte a encoding . approprhtre *- «"* ca » * ° W " ,0n,Oi °"° 

SI A DNA » » signal W - (— V — "» - 

JLe .0 d* H,Asp sequence so M Hu-Asp is rransUred a, a fusion p,..«br cetupnstng 

t J2* secretion or » Hu-Asp pdyfeptide. Proton*. * ^ sequence -a be 
clU ved the Hu-Asp polypeptide upon secretion of H, Asp *om the ce* Non-hmuurg 
examp.es of ft* se^ocs thar on t. ml k P«*m, * — - >- 

l-tooraDd^bo«yteeii^lssoaiDSf9i I «ct cells. 

fc a prefemd embodimea. d* Hu-Asp polypeptide win be a mm proton, which 

„*» peptides .sod fo, such a fcnction aft,w se,ecuve bWing of m mm jmmn • 
^ mu*. For cs-r*. Hu-Asp po.ypep.ide m * — • * 

examp* of such peptide »gs inch.de *• «» » «* 
JA _ Aei« M ic«,nfncetae As wffl be understood by one of 
nemaglutinin tag. GST lag. and OmpA signal sequence tag. as 

... which recoenizes and binds to the peptide may be any 

skin in the art. the binding partner which recognizes aau *~r 

^ o, compound MA, mm »us fc*. — -«» — * -»«» " 
fc^. .hereof, sod m pro«in or KP^e the peptide, such as lie FLAG 



20 tag. 



Suitable bus, eels for expreasioo of Hu-Asp polypeptides indole prokaryo.es. yeast 
«, higher eu^tic ce* Suitable proharyotic hos* .0 be used for the exp^n of Ho- 
M ^ tac.™ of the geoen, Erenerfebiu. Jtocilta. end SoWlle. as well as 
2**« «f *e genera fmmmm. Smjmmm. and ***<•— «- «P"**» 
B * . e . * eon. a Hu- Asp polypeptide tna, indude an N-renninal tneduoome msdue m 
L^le expression of the tenon**- po-ypepride In a probaryotie he*. The N-rennmal 
Ma may opuonahy d» be cleaved from the expressed Hu-Asp polypepude. 

Express*, vecrors fo, use in probaryo* boss general* comprise one or more 
pfcenorypic seJecrab* ma*er genes. Such genes geoem* encode, e.g. npnanm «*> 
3, lees ^.ic res*ance or d* suppbes an auxouophic re^uirer^ ^J»™>°> 
«» veaora are .eadDy avefcb* from eommeecia. source, Example. ^POW 
vectors. POEM vectors (Promeg.). pPROEX vector. (LTL Berhesd* MD). Bb«enp« 
vectors (Straugene), and pQE vectors (Qingea). 
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Hu-Asp ma, tdso be expressed in yeasl bos. cdb from gen", including 

^ris Yeas, tutors will often contain an origin of reptauo. sequence from a 2T yeas, 
pfcsmid, an amooomously repbca.ing sequence (ARS), a promoree region, sequences for 
riMM sequence* fo, usnscriptio. -emanation, and . aelecuHe marker gene. 
Vectors replicable in borh yeas. and B. ccU (lennrt sbu.de «»1 may also be used, la 
aodition .0 d. above-mentioned features of yeas, vectors, a sbu.de em. win also inchtde 
venues for replication and selection in £ a* DW secretion of Hu-Asp posypeptidc. 
expressed in ,M hosu me, be accomplished by dte Indus*, of nucleotide seonence 
encoding fe yeas, Mtaot leader *queoce « my at of d» Hu-Asp^ncodtn. nucleotide 

"""'"La bos. cell culture syxrems ma, also be used for dm expression of Hn-Aap 
po.ypep.ides. h . preferred embodtotn. the Hu-Asp polypeptide* of the mve.no. • 
expressed nsing a baculovbu* exprexsio. system (see Example 3). Ftirtver information 
regarding dae ose of baculovirus sterns for das expression of be«olog.» pso-ebs in 
eels are reviewed by Luckow and Summe*. Hio/Tectaology 6:47 (19gg). 
to mother preferred etnbndtoem. the Ho-Asp polypeptide is expressed - 
bos. cefb. Non-hmiting exampks* of auiuble mammalian cell bnes incbtde Use 
COS-7 line o, monkey kidney ce»T (ffluxman « «l. Ceil 23:175 (INI» Chinese 
fc^e, ovar, (CHO) oegs. Preferably, buman embrvonic kidney ce. line 293 is used for 

expression of Hu-Asp proteins. 

Tie cboice of a sunable expression veotor for expression of the Hn-Asp polypeptide 
„ *e invention wiD of courxe depend upon d* specific mammaban bos, cell ,0 be used, end 
■ e ti* skill of Use ordinary arfiaa* Example* of sunable expression veorors incb.de 
pcDNA3 (Inviuogen) and pSVL (Pbamacin BfcKch). A prefeere. vecor for expression of 
Hn-Asp polypeptides is pBK-CMV (Stiamgene). Expression vecsors for use in manmaban 
hos , cefir may rndude uanscriptiona) and tianslational contiol sequeKe* derived from vunl 
genomes. Common* used promorer sequences and en*ancer sequences wbJch mny bo used 
„ tbe precen. ***** fcdude. bu. are no. Snned to. dm* derived from *mm 

• - t Pntvnma virus, and Simian virus 40 (SV40). 
, cyiomcgalovirus (CMV), Adenovirus 2. Polyoma virus, ana 

Methods for the construction of a^ammalian expression vectors are disclosed, for example, 
in Okayama and Berg (*L COL Biol 3:2*0 (1983)); Cosman et aL (MoL Immunol 
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23:935 (1986)); Cosman et al (Nature 572:768 (1984)); EP-A-0367566; and WO 
91/18982. 

The polypeptide of the present invention may also be used to raise polyclonal and 
monoclonal antibodies, which are useful in diagnostic assays for detecting Hu-Asp 
polypeptide expression. Such antibodies may be prepared by conventional techniques. See, 
for example. Antibodies: A laboratory Manual, Harlow and Land (eds.). Cold Spring 
Harbor Laboratory Pre*, Cold Spring Harbor. N.Y.. (1988); Monoclonal Antibodies. 
Hybridcmas: A New Dimension in Biological Analyses. Kennet et aL (eds.). Plenum Press. 
New York (1980). 

The Hu-Asp nucleic acid molecules of the present invention are also valuable for 
chromosome identification, as they can hybridize with a specific location on a human 
chromosome. Hu-Aspl has been localized to chromosome 21. while Hu-Asp2 has been 
tocalized to chromosome 11. There is a current need for identifying particular sites on the 
chromosome, as few chromosome marking reagents based on actual sequence data (repeat 
polymorphisms) are presently avaDable for marking chromosomal location. Once a sequence 
has been mapped to a precise chromosomal location, the physical position of the sequence 
on (he chromosome can be correlated with genetic map data. The relationship between 
genes and diseases tharhave been mapped to the same chromosomal region can then be 
identified through linkage analysis, wherein the coinheritance of physically adjacent genes is 
determined. Whether a gene appearing to be related to a particular disease is in fact the 
cause of the disease can then be determined by comparing the nucleic acid sequence between 

affected and unaffected individuals. 

in another embodiment, the invention relates to a method for the identification of an 
agent that increases the activity of a Hu-Asp polypeptide selected from the group consisting 
of Hu-Aspl. Hu-Asp2(a). and Hu-Asp2(b). the method comprising 

(a) determining the activity of said Hu-Asp polypeptide in the presence of a test 
agent and in the absence of a test agent; and 

(b) comparing the activity of said Ho- Asp polypeptide determined in the 
presence Of said test agent to the activity of said Hu-Asp polypeptide 

^ detennined in the absence of said test agent; 

whereby a higher level of activity in the presence of said test agent than in the absence of 
said test agent indicates that said test agent has increased the activity of said Hu-Asp 
polypeptide. 
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coding sequence of Hu_Asp-l has been prepared and the predicted amino acid sequence, aligned with 
both the short and long forms of Hu_Asp-2, is attached. This splice variant of Hu_Asp-l encodes a 521 
amino acid polypeptide including a 27 residue signal peptide so the pro-form of the enzyme contains 76 
amino acid residues upstream nf the first active site motif This upstream sequence also contains a third 
DSG motif. Alignment of the sequence surrounding this upstream DSG with the ProSite motif for 
aspartyl proteases revealed a poor match while the other two DTG/DSG motifs showed a good match. 
Alignment, with Hu_Asp-2 sequences using the Clustal W algorithm highlights two major differences 
between Hu_Asp-l and Hu_Asp-2; the NH 2 terminal extension in Hu_Asp-l is much longer and that 

Hu_Asp-l appears to be more like the long form of Hu_Asp-2. The longest stretches of amino acid 
identity align with the two aspartyl protease active site motifs although other areas of conservation are 
also scored. 

Finally, the Hu_Asp-l gene was localized to human Chromosome 21 by hybridization to a Southern blot 
containing a series of mouse/human or hamster/human somatic cell hybrids (attached). 

Hu_Asp-2, Mary provided an inventory of the expression constructs for Hu_Asp-2 (attached). The 
entire ORF of both the short (438) and long forms (269) of Hu_Asp-2 have be engineered into the 
mammalian cell expression vector pBK-CMV. Also, both the short 

and long forms, with the COOH-terminal transmembrane domain deleted, have heeaprepared-as NHj 

terminal 6His-fusion&in the Ercoli expression /vectorpQO). finally, the entire ORF from the short 
f orm of Hu_Asp-2 has been cloned downstream of the ecdysone-inducible promoter in the vector pIND 
and in a polycistronic fusion with GFP (pIRESGFP) for mammalian cell expression studies. 



Hu_Asp-3 and Hujisp-4 — Queries of the LifeSeq Assembled database with the sequences of either 
Hu_Asp-l or Hu_Asp-2 identified (1) gene bins with exact matches to the query sequences, (2) gene 
bins matching the 5 known human aspartyl proteases [pepsinogen A, pepsinogen C f cathepsin D, 
cathepsin E and renin], and (3) three gene bins with significant homology [242842, 242824, 3951 1], in 
descending order of significance. Translation of the longest assembled templates contained within these 
gene bins revealed that they each encoded polypeptides containing the duplicated active site motif that is 
the hallmark of mammalian aspartyl proteases. Alignment of the predicted amino acid sequences for 
templates 451054.3 and 451034.4 showed that they were very similar with approximately 90% sequence 
identity at the amino acid level (attached). Template 126360 was most related to 451054.3 and 
451034.4, with approximately 70% shared identity. Consistent with the nomenclature initiated 
previously, die genes represented by Incyte templates 451054.3, 451034.4, and 126360 are referred to as 
Hu_Asp-3, Hu_Asp-4a and Hu_Asp-5, respectively. Template 451034.2 appeared to be a splice variant 
of 450134.4 with a 25 amino acid (75 bp) insertion near the C0 2 H-terminus (data not shown). The 

cDNAs that defined the 5 '-most sequence of each of these templates were identified, obtained for 
sequence analysis and determination of the tissue distribution of expression of transcripts derived from 
these genes. TTie Hu_Asp-3 probe visualized a single 1.6 kb transcript that showed a limited expression 
pattern that was expressed at the highest levels in lung, immunological tissues (spleen, thymus and 
PBLs), and kidney (attached). No expression of Hu_Asp-3 transcripts was detected in whole brain while 
a weak signal was observed in several brain regions including the medulla, spinal cord and putamen 
(attached). These results were consistent with the expression pattern determined by EST sequencing in 
LifeSeq Assembled (39 ESTs) which indicated highest expression in the hematopoietic/iranr*~ 
category (41 %) and the nervous category being the second highest (1 6%). The Hu_Asp-4 p 
visualized a similar pattern of transcript size and abundance except that die signal was mos 
in lung tissue. No transcripts were detected in either whole brain or selected brain regions i 
conditions used in these experiments. A survey of expression using LifeSeq Assembled (!■ 
indicated that 93% of the ESTs that comprise the Hu_Asp-4 template were derived from r 
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